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Efficiency of Injectors and their Com- 
parison with Pumps. 


By R. FLEISCHBERGER. 


EFORE going into the above 
subject, it will perhaps be well 
to deal to some extent with 
the theory of the injector for 

the benefit of those not acquainted with 
its action. 

It is a well-known fact that all the 
steam used for working this apparatus 
returns to the boiler along with the feed, 
this being accomplished in the following 
manner :— 

In Fig. 1, which represents dia- 
grammatically the section through the 
cones of an injector, the steam issues 
from nozzle A, and by the inducing 
action of the jet receives at B, the water 
to be fed-into boiler, whence it is carried 
through the combining cone C by the 
steam. Whilst passing through this 
cone, a complete or nearly complete 
condensation of the steam takes place, 
its latent and a part of its sensible heat 
being added to the temperature of the 
water, which is accordingly increased. 
The jet of hot water, thus established, 
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enters the feed pipe to the boiler through 
the throat D and the delivery cone E. 
The result so obtained appears to be 
paradoxical; but if all facts are care- 
fully considered it will be seen that it 
can easily be explained by the well- 
known principle of the ‘“ conversion of 
energy.” 

The equation v= ,/2gh holds good for 
all non-elastic fluids issuing from orifices 


under pressure ; and, as h = 5 (where 8 


density in lbs. per cubic foot, and P = 
pressure in lbs. per square foot), the 
velocity varies inversely as ,/é for fluids 
of different density at the same pressure. 

However, as steam is a gas, this 
equation is not applicable to its flow, 
but it serves well.to show that its 
velocity must be very much _ higher 
than that of water at the same pressure, 
its density being considerably less. As 
a matter of fact, the velocity of steam 
varies from 1,000 to 3,000 ft. per 
second for about the same range of 
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pressure, within which the flow of water 
does not attain a higher velocity than 
about 180 feet per second. Therefore, 
if we condense steam whilst issuing 
from an orifice or nozzle at this high 
velocity, we obtain a jet of water 
retaining the original velocity of the 
steam. 

Although the principle of the injector 
is dependent upon this fact, it does not 
exactly represent what takes place in 
the actual working of this apparatus, as 
part of this velocity is imparted to the 
condensing water in order to carry it 
into the boiler. 

All useful work in an injector is done 
at the expense of a part of the external 
work done during evaporation ; but as 
every particle of heat energy contained 
in the steam as well as all that part of 
the external work done during evapora- 
tion that is not theoretically required to 
pump the water into boiler (and conse- 
quently dissipates in friction thereby 
raising the feed temperature), returns 
to the boiler, there is every justi- 
fication in saying that we have in 
the injector an apparatus which gives 
100 per cent. efficiency. Notwith- 
standing this fact, the injector is not 
always the best means for supplying 
boilers with water. The selection of a 
suitable boiler feeder requires careful 
consideration in each particular case, 
and is governed by varying circum- 
stances. Perhaps the best method of 
dealing with this question will be to 
establish the following distinct classes 
and deal with each of them indepen- 
dently :— 


1. The water is taken from any convenient 
source and delivered to the boiler directly, no 
economisers or heaters of any description being 
employed. 

2. A heater is used, and the temperature of 
the feed is thereby raised by means of the 
exhaust steam from engines; or, as an alterna- 
tive, the exhaust steam is first purified and 
then mixed with the feed water directly. 

3. Water from any convenient source other 
than the condenser discharge is passed through 
economisers. 

4. An exhaust heater and economisers are 
used, the feed being pumped through both in 
series. 

5. The engines are worked “condensing,” 
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and the condenser water, as well as all steam- 
trap discharges and other hot water available 
is collected in a hot well, and pumped through 
economisers into boilers. 

6. The boilers are fed by means of an 
excentric pump on main engines d_rectly, 
taking water at about 110 degrees Fahr. out of 
the condenser discharge well. 


In cases Nos. 1 to 5, it has been 
assumed that an independent feed pump 
is used, worked by boiler steam, 
exhausting to the atmosphere in all 
cases excepting Nos. 2 and 4, in which 
the exhaust steam along with the ex- 
haust from main engines, is supposed to 
pass through a heater or mix with the 
feed directly, as the case may be. 

Case No. 1.—This instance is the most 
favourable for injectors, and their adop- 
tion isa distinct advantage. Asalready 
explained, there is no loss of energy in 
the working of an injector, whilst in the 
case of a pump a considerable amount 
of heat is wasted with the exhaust- 
steam. Moreover, the amount of steam 
must be sufficient to do the necessary 
useful work, besides overcoming the 
frictional resistances, and the heat gene- 
rated by the dissipation of these is not 
capable of being re-utilised as with an 
injector. 

The smaller a pump, the greater the 
proportion of loss of energy to useful 
work done. The relative efficiency 
compared with that of injectors further 
depends on the boiler pressure and the 
type of pump used. 

The efficiency of a boiler feeding 
appliance may conveniently be expressed 
either as a part of the useful work done 
in the pump plus the energy generated 
in the boiler, or as a part of the useful 
work done in feeding same alone, the 
former method also being a direct 
method of ascertaining the saving of 
fuel that might be expected in the event 
of a change being made. 

The energy put into the pump equals 
B [J/H+P (V-p)] foot Ibs. per lb. of 
water delivered to the boiler, where 
B = weight of steam used per Ib. of 
water, J] = mechanical equivalent of 
heat (778), H = total heat per Ib. of 
steam, P = pressure in lbs. per square 
foot, V = volume per Ib. of steam and 
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p volume of one Ib. of water = about 
o-or6 cubic feet. Again, the total energy 
generated in each lb. of water in pump 
and boiler equals JH + PV—pp, where 
p = absolute pressure of water when 
entering pump; p and p, being com- 
paratively small, effect the result of 
above two equations only so slightly 
that they may safely be neglected. We 
now can write : 


Efficiency = {!~A) (JH+PV) _1-B 
; JH+PV I 

This can be clearly seen by considera- 
tion ofthe following :— 


JH+PV=total energy per lb. of water 
in boiler. 


B(J/H +PV)=energy used up in feeding 
1 lb. of water to boilers. 


JH + PV — B(JH + PV) =(1 — B) 
(JH + PV) =Total energy minus 
energy used in feeding=energy avail- 
able for useful work. 


Energy available for useful 
sella work 
Efficiency = —. anaes Sa 

(otal energy generated, 
therefore above equation. 


From this it will be clearly seen that 
the efficiency is directly dependent on 
f, and this is regulated by the boiler 
pressure and type of pump employed. 

However, the loss in the case of a pump 
is much more apparent if expressed in 
B. T. U. per lb. of water over and above 
the small losses that occur in the case of 
an injector through heat radiation, and 
the diagrams Figs. 2 and 3 therefore 
give these losses in this way. It will be 
noticed that one curve is also given in 
each diagram for a pump, actuated from 
the main engine directly. In the 
calculations this has been taken to be a 
single cylinder engine for the pressure 
of 60 lbs. per sq. in., and as a 
double expansion engine in the case of 
140 lbs. per sq. in., the mechanical 
efficiency in both cases being assumed 
to vary from 84 to 70 per cent. according 
to the size of engine. The proportions 
which have been assumed for the 


‘«‘ Duplex” pumps are given in diagram 
in Fig. 4, and those of the “ Cameron,” 
or flywheel type pump, in Fig. 5. 

Case No. 2.—Where an exhaust heater 
is employed, the question as to whether 
a pump or injector is most suitable, 
depends on the amount of exhaust 
steam at disposal and the heating surface 
of the heater. 

The usefulness of this auxiliary appa- 
ratus may be directly represented by 
the “ amount of heat which it is capable 
of adding to the feed if same enters 
at a fixed temperature,” say 60° 
Fahr. Injectors generally will deliver 
through heaters if required ; but owing 
to the high temperature of the feed when 
entering the latter, it is questionable if 
any appreciable difference would occur 
in the final feed temperature. 

Injectors may be said to be more 
efficient than pumps working in con- 
junction with exhaust heaters, if the 
energy wasted with the exhaust steam 
of pump exceeds the difference between 
the heat absorbed by feed during its 
passage through the heater in the case 
of pump and injector respectively. 

If the average temperature of the 
steam in heater is assumed 200° Fahr., 
and the increase of temperature of 
the feed while passing through injec- 
tor at a certain pressure is expressed by 
the empirical formula ?¢, — ¢, = 30 + 
o'5 p(p being boiler pressure in lbs., per 
sq. in., by gauge) we may easily calculate 
that minimum temperature of feed from 
pump after having passed through 
heater, below which the application of 
the injector to take the place of the 
pump would prove advantageous. Fig. 
6 represents these minimum tempera- 
tures for varying initial feed temperatures 
(which are assumed the same for both 
cases) and boiler pressures, in diagram- 
matic form. It is necessary to first 
ascertain the loss in pump by means of 
diagrams Figs. 2 and 3. The formula for 
the increase of temperature of the feed 
whilst passing through injector, gives 
results which agree very nearly with 
those obtained in actual practice, with 
injectors designed to deliver the feed at 
as low a temperature as possible. 
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If, on the other hand, all greasy 
matter is first extracted from the 
exhaust steam, and this is then mixed 
with the feed directly, a much greater 
proportion of its heat is put to a useful 
purpose, and the comparative efficiency 
now depends upon the amount by which 
the pump is capable of taking the feed 
hotter than the injector. 

If the working conditions will not, in 
the case of an injector, permit the feed 
to be heated'to a temperature nearly as 
high as the maximum at which the 
pump will deal with it satisfactorily, the 
application of the former would result 
in no economy; for the contrary to be 
the case, the feed temperature would 
not have to be lower by more than the 
difference that would occur if the exhaust 
steam from the pump was continually 
added to the feed water. Diagrams No. 
2 and 3 will, if substituting degrees 
Fahr. for B.T.U., give the difference in 
temperature at 60 and 160 lbs. Boiler 
pressure, which if exceeded between the 
initial feed temperatures in the case of 
pump and injector respectively, will 
make the pump the more suitable 
apparatus of the two. 

The possibilities of improvement, 
however, are not yet exhausted with the 
above. Where the feed is comparatively 
cold — say 60° to 80° Fahr. — the 
application of an exhaust injector is at 
all times a paying investment if the 
circumstances admit of this. 

The exhaust steam injector may be 
regarded as a combined injector and 
feed water heater, and if of good design 
will raise the feed temperature by 80° 
to 100° Fahr., by means of exhaust 
steam alone. It is, however, important 
that an ample supply of fairly dry 
exhaust steam be at hand, and the 
pattern of injector selected be suitable 
for the pressure carried on boilers. Up 
to 60 or 70 Ibs. steam pressure, injectors 
worked by exhaust steam alone are 
suitable, whilst above this and up to 
110 or 120 lbs. pressure the compound 
pattern exhaust injector, in which a 
small auxiliary live steam jet is intro- 
duced to obtain the additional energy 
required, is usually adopted. For 


pressures higher than this it is usual to 
employ a special apparatus, consisting 
of an exhaust and a live steam injector 
coupled in series, the former feeding the 
latter and this the boiler. This type of 
injector can be made to suit almost any 
pressure. 

The saving obtained by the use of 
exhaust injectors is rarely less that 4 
per cent. or 5 per cent., and in some 
cases reaches as much as 12 per cent. 
and even 14 per cent. 

Whenever the condensed exhaust 
steam is returned to boiler by means of 
an exhaust injector or otherwise, the 
utmost care is necessary that it is first 
freed from all greasy matter, as this, if 
allowed to pass into boiler, forms a thin 
coating on the plates, which owing to its 
non-conductivity results in serious over- 
heating of the latter. 

Case No. 3.—In the case of econo- 
misers being used great care is necessary 
in arriving at a decision as to whether a 
pump or injector is the most suitable 
appliance for feeding the boilers, as 
actual saving of fuel is not the only 
point to be considered. The economy 
of pumps as compared with injectors 
increases inversely as the mean tempera- 
ture of the flue gases whilst passing 
through the economisers, and it decreases 
with the amount of heat added to the 
feed whilst passing through injector. 
It will generally be found that, if econo- 
misers do their duty properly, the pump 
is more economical than the injector; 
but the prolonged life of economisers 
when they receive hot water from an 
injector is usually worth the sacrifice of 
economy caused by the use of injector 
in such a case, as on the average it 
seldom amounts to more than 1 per 
cent. of the total fuel burnt. 

It is also imperative that an injector 
should be carefully selected with regard 
to size so that it will permit of feeding 
constantly, as it is dangerous to allow 
the water in economisers to evaporate 
whilst they are standing idle. This fact 
makes an injector unsuitable where a 
great variation exists in the steam con- 
sumption, as the amount of feed can only 
be regulated down to a certain limit; 
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but this difficulty may often be overcome 
by the use of two injectors in place of 
one and by working either one or both 
of these as may be required. The widest 
range is obtained if the two injectors, 
instead of being of equal capacity as is 
usually the case, bear a ratio of about 
2 to 1, as the amount of feed can then 
be reduced to less than one-third of the 
maximum which is sufficient in most 
cases. 

Case No. 4.—The same remarks apply 
in this case as if exhaust heater was 
used alone (Case 2), and this in con- 
junction with the feed pump can with 
advantage be replaced by an exhaust 
injector where possible. 

Case No. 5.—Where engines are 
worked condensing and the condenser 
water, along with all steam-trap dis- 
charges, is returned to boilers, injectors 
are often not applicable owing to the 
high initial feed temperature so obtained ; 
but where circumstances do permit 
their use, a correct decision may be 
arrived at by careful consideration of 
the same points as in case 3. 

Case No. 6.—Boilers which are fed 
through economisers with a direct 
acting excentric pump on main engines, 
are obviously supplied with water ina 
very economical manner, as the exhaust 
steam is condensed and thus nearly all 
its heat is returned. In such a case it 
is, however, essential to have a standby 
for feeding the boilers when the main 
engines are at a standstill, and it is 
customary to employ injectors for this 
purpose. 

In conclusion, the writer would point 
out that the selection of a suitable boiler 
feeding appliance is also governed by 
numerous other circumstances. In a 
small place, for instance, where the 
duties of engineer are often entrusted to 
an inexperienced man with numerous 
callings to fill up his time, simplicity of 
the plant in every respect is a very 
desirable, if not essential, feature, and 
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should be given preference to a slight 
saving of fuel. An injector of good 
design is, in such a case, admirably 
suited for its purpose. In small installa- 
tions the economy that might under 
certain circumstances be derived from 
the use of a pump does not usually 
justify their additional first cost. 

In modern locomotive practice in- 
jectors have become almost universal 
and many of the leading railway com- 
panies are now adopting the exhaust 
type of locomotive injector with the 
result of considerable saving of fuel in 
the end. 

Injectors also have the advantage 


_that they require much less attention 


than pumps in general, as the absence 
of moving parts does away with lubrica- 
tion, adjustment and continued repairs. 
On the other hand they are not quite so 
well suitable where the feed water con- 
tains much hardness, as the formation 
of a scale on the interior of the cones 
soon results in the unsatisfactory work- 
ing of the apparatus. Such scale can 
be removed by soaking the parts affected 
into a 10 tor solution of hydrochloric 
acid in water, the limey film being 
thereby softened when it can easily be 
removed. The formation of this scale 
does not take place to any appreciable 
extent whilst the apparatus is at work 
but rather immediately after it is stop- 
ped, as the thin film of water remaining 
on the cones is quickly evaporated by 
the heat radiation from steam pipe, thus 
adding a thin layer of lime every time 
when put out of action. It is therefore 
in such a case advisable to feed con- 
stantly s@was to reduce the number of 
stoppag@s to a minimum. 

It is impossible to lay down any 
general rules that are applicable in 
every instance; discretion and careful 
consideration are the only means for 
arriving at a correct decision as to 
whether a pump or injector is better 
suited for any particular case. 
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On Some Conditions Governing the Pro- 
duction of Iron and Steel Castings. 


By PERCY LONGMUIR. 





ACH of the various stages followed 
in the production of a casting 
contributes it quota to the suc- 
cess or otherwise of the final 

product, and one stage cannot be speci- 
ally watched to the exclusion of others. 
Taking the more general of these stages 
it will be found that the chief determining 
conditions are : — 

1. Composition of the metal. 

2. Initial casting temperature. 

3. Preparation of the mould. 

4. Method of melting, including in the 
case of white iron and steel oxidation 
and absorption of gases. 

5. The presence of mechanically held 
foreign matter, sand, etc., and blow- 
holes. 

6. Shrinkage cracks and strains which 
may be due to— 


(a.) Faulty feeding, 

(b.) Faulty moulding, or, as is more 
usually the case, 

(c.) Faulty design of pattern. 


7. After-treatment in the case of white 
iron and steel. 

The majority of castings are judged by 
one or a combination of the following 
factors— 

A. General appearance and truth to 
pattern. 

B. Ease of machining. 

C. The mechanical properties of test- 
bars forming part of the casting. 

D. Resistance offered to the percolation 
of water or steam under pressure. 

Obviously a waster due to condition 3 
is at once shown in the appearance of 
the casting either before it leaves the 
foundry or at any rate during its pro- 
gress through the machine shops. Ease 





of machining in the case of grey-iron 
castings, and mechanical properties in 
the case of all castings, are a function of 
composition and structure. Therefore, 
in the case of failure to meet factor B 
or C chemical analysis and microsco- 
pical examination will generally reveal 
the cause. Oxidation and absorption 
of gases are determined by the method 
of melting and the composition, features 
which chiefly affect white iron or steel. 
The remedy in both cases is found in 
thorough dead melting in conjunction 
with the presence of a deoxidising ele- 
ment in the finished casting. Thus 
with white iron for malleable cast the 
silicon should be run as high as is per- 
missible with the thickness of the casting. 
With steel, manganese should be present 
in the casting* in decisive quantity, and 
an addition of 0°08 per cent. aluminium 
made to the ladle or crucible before 
casting. Unfortunately, reliable data 
as to the influence of oxides on steel is 
missing, a remark also applicable to 
the presence of gases. However, care- 
ful melting and the presence in the final 
product of either silicon or manganese is 
a reliable safeguard. 

The appearance of the skin of a blow- 
hole gives a clue to its cause; if an 
oxidation tint is shown then the cause is 
trapped air or mould gases. In the 
absence of such a tint the blowhole 
represents a cavity formed by the libera- 
tion of gas from the steel at or near the 
solidification point. In the former case 
the method of pouring or the condition 
of the mould is at fault; in the latter 


* A considerable loss of manganese occurs on melting 
which according to the conditions of melting will vary 
from 30 to 50 per cent. 
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the composition of the steel, or its con- 
dition at the moment of casting. 

Shrinkage or contraction faults may 
be due to the casting “ pulling” against 
a hard mould, or to unsuitable feeding. 
Opinion differs as to the form of suitable 
feeding, but whatever the form it should 
be such that the shrinkage of the liquid 
metal is met entirely by the reservoirs 
serving as “feeding heads.’ Contraction 
from solidification downwards must be 
given free play, a necessity which, if the 
casting is likely to “pull,” involves re- 
leasing that portion of the mould likely 
to bind it. Naturally, contraction of 
this type will mean more or less warping 
to overcome which the pattern should 
previously be set out of truth to the 
extent of the warp. Familiar examples 
of such “‘setting’’ are found in grey-iron 
castings such as lathe beds, etc., in steel 
castings, such as propeller blades and 
the like. In discussing grey-iron cast- 
ings, reference was made to varying the 
rate of cooling in different parts of one 
casting ; such methods are, when neces- 
sary, applicable to castings of any metal. 
Intricate steel or white iron castings 
are often saved from contraction strains 
by stripping at the moment of solidifica- 
tion, releasing cores, etc., and placing 
the red-hot casting in an annealing oven 
in order to obtain uniformly slow 
cooling. 

Having reviewed some of the more 
salient governing conditions, it is pro- 
posed to conclude these notes by refer- 
ence to one source of failure. As already 
noted, a failure due to faulty moulding 
is self-evident, similarly if the test-bars 
fail toreach the desired standard, chemical 
analysis will show whether the composi- 
tion is at fault, and in the case of 
malleable cast-iron or steel microscopical 
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examination will show whether the 
annealing conditions are at fault. When 
the cause of failure is shown then the 
remedy is naturally suggested. It is 
only just to state that the majority of 
wasters can be traced to a definite cause 
in one or other of the conditions already 
outlined. But occasionally a casting 
will, from no apparent cause, hopelessly 
fail to meet a specification. The casting 
may be perfect externally, of absolutely 
correct chemical composition, and so 
far as known, of right treatment, yet 
it may be, if of cast iron, that the trans- 
verse results are a few hundredweight 
short, or if of steel, that the elongations 
and bending angles are too low. Similar 
features in the case of steam metal 
alloys have been dealt with by the 
writer in earlier issues of this Review, 
and it will be remembered that the 
mechanical and water-resisting proper- 
ties of these alloys were markedly 
affected by the casting temperature, 1.¢., 
condition 2 of the table heading this 
article. 

It needs no saying that in modern iron 
or steel foundry practice the governing 
conditions indicated can be and are, by 
the exercise of suitable care, readily con- 
trolled. The greatest variable in a well 
organised foundry operated under 
efficient chemical supervision is found 
in this factor of casting temperature, 
and to it the majority of mysterious 
failures are attributable. A _ casting 
poured with dull metal and therefore 
containing “ cold shuts ” rounded corners 
and so forth obviously shows the 
influence of too low a casting tempera- 
ture, but within the range of perfect 
fluidity much temperature variation is 
possible, which, whilst it does not affect 
external appearances, certainly does 
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Combined Carbon. | Graphite. Silicon. 


0°52 3°40 1°78 0°28 
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affect the inherent properties of the 
metal. Many experiments have been 
conducted on various types of grey cast 
iron, and in no case has this influence 
failed to show in the properties of the 
castings. For imstance, a series of 
transverse test bars poured at short 
intervals from a five-ton ladle yielded 
various results, the highest being 35 
cwts. and the lowest 23 cwts. on a 
section of 2 in. by 1 in., the bars being 
placed on knife edge supports 3 ft. apart. 
The table on the preceding paye gives 
results* obtained from a high quality 
grey iron which are even more instructive. 

These results represent castings poured 
from one and the same crucible within a 
few minutes of each other. Chemically, 
the three bars are identical, mechanically 
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given below and the results obtained 
from it, in the condition of cast, annealed 
and heat treated. 

The analysis of the white iron “as 
cast’’ was as follows :— 


Combined Man- Phos- 
carbon. Graphite. Silicon. ganese. Sulphur. phorus. 
3,40 +=«none 0°39 0°05 002 0°02 


The improvement in properties due to 
treatment will be noted, nevertheless the 
treated castings have not reached one 
level. Thus in spite of the chemical 
changes induced by annealing in ore and 
the complete structural rearrangement, 
the influence of casting temperature still 
holds good. That a revolutionary treat- 
ment such as is involved in drastic ore 
annealing, does not remove the original 





Condition. 





As Cast. 
Casting 


Temperature Max. Stress. 


Tons per sq. in. 
| 
1320 10'7 
1230 159 
1120 


I2°I 


Annealed in ore. 


Max Stress. 
Tons per sq. in. 


20°6 
29°2 
26°5 


Heated to above 1000 °, 
and slowly cooled. 


Max. Stress. 


Elongation ; 
Tons per sq. in. 


per cent. on 2 in. 


‘oO 18°6 
35 24°0 
20 21°6 





they are as shown. Many experiments 
on different irons have yielded similar 
variations, and it has been proved that, 
as with steam metals, the porosity varies 
with the tensile results, so in the ca$e of 


cast iron and “high” or “low” tem- 
peratures yield castings which sweat 


under water test. 
In trying to eliminate these variations 
in grey iron due to varying casting tem- 


perature, only negative results have 
been obtained. No matter how the 


properties are improved by the treatment 
given, the original variations are always 
present. This is possibly of greater 
moment in the case of malleable cast 
iron and steel, which depend for their 
success largely on the treatment given. 
As an example, a typical white iron is 


* These and the following results are extracted from 
the Author's paper “ On the Influence of Varying Casting 
Temperature,” Journal of the Iron and Steel Institute, 
No. 1, 1904. 


variations is of high practical moment. 
It will also be noted that the castings 


treated by the “short anneal” also 
maintain a relative distance apart in 
properties. 

Whilst in the case of steam metal 


alloys and cast iron, comparatively wide 
ranges of casting temperature are 
offered, this range is with steel neces- 
sarily restricted, owing to the higher 
melting points involved. Thus, in the 
crucible process it is well within the 
range of possibility to cast hard tool steel 
at too high a temperaturef, but under 
ordinary conditions, mild steel by the 
same process can hardly be over-heated. 
Fairly similar conditions hold good in 
the case of open hearth steel, for the 
milder the steel, the less the danger of 
obtaining too high casting temperatures. 
The surface-blown Bessemer converter 


t Such an ingot would be termed scalded. 
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gives, of the three methods, the widest 
range of casting temperature. 

If in the case of mild steels the pro- 
bability of exceeding the fair casting 
heat is remote, it would appear that 
casting temperature as a governing con- 
dition is of comparatively little moment. 
For example, the following tensile tests 
do not differentiate between the pro- 
perties of two sets of castings poured 
from one crucible at two distinct tem- 
peratures. 
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speaking of differences in casting tem- 
perature, such differences apply to the 
range of perfect fluidity from the fair 
casting heat downwards, the range ter- 
minating once the metal becomes “stiff” 
and likely to result in “cold shut” 
castings. 

A harder type of crucible steel is shown 
in the table at bottom, representing 
results obtained from three steels of 
practically similar composition cast at 
three distinct temperatures :-— 





Condition. 

















Analysis. } As Cast. Annealed. 
| oad Casting Tes wae ~~ | 
Temperature | Max. . Reduc- 
, | o a Elong. ; Max. | Reduc- 
Carbon. | Silicon. | Mangan-| Sulphur.| Phosph. Cc. Stress per cent. — of Stress Elong | tion of 
| ese. | Tons | ‘on 2 in, | 2%€4 PeT| Tons, |Percent-| area 
| sq. in. "| emt. | 
— | | — acanldiiaand ee os eee 
- ’ Pe) war ‘ 1611 309 75 131 29°! 19°5 18°4 
we Pee ee we oo2 } 1560 30°1 70 I2°I 28°4 18°5 18°4 
In the cast condition, bending angles Here the influence of varying tem- 


of the two steels were identical. After 
annealing, the first steel bent through 
an angle of 180 deg., and in so doing 
developed no apparent flaw. The second 
one annealed simultaneously with the 
first, and under precisely similar con- 
ditions fractured on reaching an angle of 
105 deg. This difference in behaviour 
to bending stresses forms the only one 
noted in the properties of the two steels. 
Tests on similar low carbon crucible 
steels, where the fair casting heat can 
hardly be exceeded show that differences 
in casting temperature do not result in 
any marked difference in properties as 


perature is shown on both tensile and 
bending tests, but it is worthy of note 
that the “fair” heat has not been 
exceeded. Thesurvival of this influence 
noted in the case of white iron is also 
manifested in these results from a 
medium carbon steel. 

Generally speaking open hearth steels 
follow the same order as crucible steels, 
in that the higher the content of carbon 
the greater the chances of variation in 
casting temperature. Evidently, then, 
low carbon steels are—if judged by 
tensile tests alone—not likely to be 
seriously influenced by the compara- 











shown by the tensile test. When tively limited temperature variation 
Analysis. Cast. Annealed. 
nan eee oe Cae Casting 
| Tempera- | Elong Elon 
———— Max ser” | Reduc- sn Max | “098+! Reduc- 
Carbon.| Silicon. Manga-/s a 1phur|Phosph. _— Stress pet tion of Bending Stress. per ion Bending 
| nese. | | Tons, cent on angle*. | “rons cent. | ofarea angle ’°. 
| | 2in. * | on2in. 
| | | EF Pra, co ~ ys i 
0°47 «| «0.22 1°04 0°05 o°016 1500 °C 38°6 4°5 Go 30 37°1 13'0 152 80 
050 | O20 0°96 0°05 0°017 1481 °C 36°4 30 5°4 23 36°4 75 9°2 60 
0°47 0°20 1°00 0°05 1431 °C | 310 2°5 378 10 22°5 zo Sr 35 


0016 | 
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Analysis. ‘ i 
| Casting. | Max. Stress. | Elongation per oY 
an Ft Jeng Temperature. | Tons per sq.in.| cent. on 2 in. per cent. 
Carbon. | Silicon. |Manganese. | Sulphur. |Phosphorus.| 
| —__—_— —_———| — pane oats | 
( “High”’ 24°2 9°5 180 
, “Poe” 27°2 24°0 32°3 
o°2¢ 0°07 "ré 0'07 0°06 5 , aa , : 
9 Pe, ee / 4 “« Medium 27°0 12°5 |. a73 
| ‘*Low”’ 25°5 80 120 








within the range of fluidity. However, 
if this range can be widened by obtain- 
ing higher initial temperatures, then the 
influence of varying casting temperature 
is decisively shown on the tensile pro- 
perties of resulting castings. The perfect 
fluidity of low carbon steel from a 
surface-blown converter is familiar, a 
fluidity which necessarily involves high 
initial temperatures. In order to investi- 
gate the wider range of fluidity so 


ladle within a few minutes of éach other. 
The castings were annealed together 
under precisely similar conditions. 
The fact that castings poured within 
a few minutes of each other and from 
the same ladle yield elongations rising 
from g$ per cent. to 24 per cent., and 
falling again to 8 per cent., is of some 
moment to steel founders working to a 
specification. As a further example 
the appended results are worthy of note. 




















Analysis. . P 
—_ Casting. | Max. Stress. | Elongation per aren 
l rT . Temperature. | Tons per sq. in. cent. on 2 in, per poy 
Carbon. | Silicon. |Manganese.| Sulphur. |Phosphorus | | 
| | | | 
( “ High”’ 30°9 | 15°5 16°4 
0°28 O15 o7290)0~—|:«=«(0'06 0°05 4. * ieee” 28'0 33'5 45°6 
(** Medium” 30°3 275 | 392 
obtainable, Messrs. D. Rennie & Co., Here again the values are obtained from 
of Glasgow, conducted for the writer a annealed castings. 
number of experiments, employing a two- In this and the foregoing example, it 
ton Robert converter for the purpose. will be noted that maximum stress is 
All conditions other than casting tem- not appreciably affected, but the elonga- 
perature were identical, the analyses tions speak for themselves. As an 
of the cold castings agreed exactly, and example of higher carbon steel by the 
annealing conditions were perfectly same process, the appended are given. 
comparative for each series of castings. These results are from annealed cast- 
Thus the appended steels represent four ings, and the influence of temperature 
sets of mild castings poured from one is again shown on the elongations, the 
Analysis. | Reduction 
Casting. Max. Stress. | Elongation per | — ae = 
; 7 Temperature. | Tons per sq. in.) cent. on 2 in. per potions 
Carbon. | Silicon. | Manganese } Sulphur. |Phospherus.| 
} } } —— 











0°06 |} 0°05 


Fair heat to 


low heat, cast 
from same 

ladle at short 
intervals. | 


| 
} 
| 
| 
| 
| 


345 
30°7 
3672 


22°5 
20°6 
6°5 
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FIG 20,—ELONGATION PER CENT. 6°5. 


0°00. 
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FIG. I19.—-ELONGATION PER CENT. 


>> 


ELONGATION PER CENT. 


Fic. 18. 


MAGNIFIED 58 DIAMETERS. 


first one representing for cast steel of 
0°51 per cent. carbon an exceedingly 
high value. The structures of .these 
three steels are reproduced in Figs. 18, 
19, and 20. Generally speaking, the 
influence of varying casting temperature 
on the structure of steel may be sum- 
marised as follows: ‘ Fair” casting 
heats favour a less distinct type of 
structure than either “high” or “low” 
heats. The latter are always character- 
ised by a distinct type of crystallisation, 
showing sharp junctions between the 
ferrite and the pearlite, features which 
recall the “ loose,’”’ ‘‘interlocked,” and 
distinct structures of steam metal alloys.* 
Thus the interwoven type of structure 
in Fig. 18 gradually gives place with a 
falling casting temperature to the exceed- 
ingly sharp structure of Fig. 20. _ Irre- 
spective of mechanical properties, the 
survival of this distinct structure through 
a prolonged annealing is of much sig- 
nificance, showing that, as with white 
cast iron so with steel, initial defects are 
not removed by heat treatment. Three 
castings from the same ladle, simul- 
taneously annealed over a_ period of 
three days (72 hours), are not brought 
to one level as regards tensile properties, 
nor are their structures equalised by 
equal treatment. Steel castings pos- 
sessing such a structure as Fig. 20, 
characterised by the sharp demarcation 
of pearlite and ferrite, inevitably leak or 
sweat under hydraulic test. Evidently 
these sharp boundaries offer routes of 
penetration, a feature doubtless aided 
by the slight expansion due to internal 
pressure when under test. Probably a 
better illustration of this feature is found 
with practically pure iron. An iron of 
the following analysis, 


Manga- Phos- Alumi- 
Carbon. Silicon. nese. Sulphur. phorus. nium. 
0°05 0°04 0°06 0 03 ool 0°04 


was melted and castings obtained from 
it representing two distinct temperatures, 
viz., 16532 C. and 1613° C., the 
former corresponding to the “fair”’ 
heat. The resultant structures are 
reproduced in Figs. 21 and 22. The 


* Feilden’s Magazine, November and December, 1903. 
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two photographs are perfectly 
typical, and it will be noted 
that the crystal junctions of 
Fig. 22 are far more distinct 
than those of Fig. 21. This 
feature is common to all pure 
metals, and with them low cast- 
ing temperatures always yield 
comparatively wide crystal 
junctions, even in some cases 
developing apparent interspaces 
between two adjacent crystals. 
The behaviour of such a type 
of loose crystallisation under 
water pressure can be readily 
imagined. 

Excluding mild _ crucible 
steels which cannot be over- 
heated, it is evident from the 
tests given that the properties 
of steel castings are influenced 
by varying casting temperature in a 
similar manner to those of general 
alloys.* This influence holds good 
with all types of cast iron and survives 
a treatment involving decomposition of 
one of the constituents and a complete 
structural rearrangement. The prac- 
tical importance of this governing con- 
dition justifies the somewhat lengthy 
treatment given to it, however, as it 
influences the whole range of foundry 
metallurgy and too much atten- 
tion cannot be given to it. By 
far the greater number of myste- 
rious failures on test may be 
traced to this one cause, and 
whilst the difficulties of over- 
coming it are great they are 
nevertheless not insurmount- 
able. For instance one steel 
foundry with which the writer 
is familiar is regularly pro- 
ducing castings showing elonga- 
tions of from 30 to 35 per cent. 
on 2 inches, whilst bending 
bars bend parallel without 
fracture. The determining 
conditions conducive to such 
regularity have been indicated, 
the greatest variable, that of 
casting temperature, can be and 


FIG. 21. 





—-NEARLY PURE IRON AS CAST. CASTING TEMPERATURE, 1653  C. 


is controlled by carefully noting the 
appearance of the molten metal. The 
“fair heat” of any metal or alloy neces- 
sarily varies with the contour and weight 
of the casting, thus by associating a 
certain appearance of the molten metal 
with a given type of casting and its 
vesultant properties, invaluable data as to 
the influence of varying casting tem- 
perature is obtained. The knowledge 
is necessarily intuitive, but it is a 





* Feilden's Magazine, November and De- FIG 22.—NEARLY PURE IRON AS CAST. CASTING TEMPERATURE, I61° C, 


cember, 1903. 


(MAGNIFIED 360 DIAMETERS,) 








go2 THE 


comparatively reliable guide and its 
exercise will lead to very regular 
results. 


Brittle Steels. 


In the example quoted of a mild 
crucible steel it will be remembered that 
tensile results were not influenced by 
differences in casting temperature. 
Structurally these two steels showed 
the usual difference, viz., the sharper 
division between pearlite and ferrite in 
the low temperature casting. The only 
visible effect of this difference in struc- 
ture being that under bending test the 
“ sharp” one fractured at an angle of 105 
degrees, whilst the interwoven structure 
bent parallel without flaw. At the first 
glance brittleness appears out of place 
in an article dealing with castings, for 
the greater number of failures due to 
this cause are found in forged products. 
However, a second glance will show 
that forged products represent castings 
(ingots) hammered or rolled at a red 
heat into industrial form. It has 
already been shown that with castings 
one type of defect initially present 
survives mere heat treatment, whether 
of long or short duration. Naturally 
the question arises as to whether this 
defect survives a combination of work 
and heat treatment such as is found in 
the act of forging. 

However, in the first place it may be 
well to recall a few characteristics of the 
type of brittleness to which so much 
attention is now being given. That a 
mild steel which under tension yields a 
good elongation and strips of which 
may, in the cold, be doubled and 
squeezed together without flaw, should 
be brittle is apparently a contradiction. 
Yet many of these so called mysterious 
fractures occur in steel of excellent 
mechanical properties as judged by 
tension and bending tests. Further 
chemical analysis often proves the steel 
to be of good quality and microscopical 
examination does not always reveal the 
cause of sudden failure. In short these 
failures are found in steel which in the 
course of manufacture has been under 
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careful supervision and inspection and 
which has successfully met stringent 
specifications. The latter are obviously 
framed to exclude material unsuitable 
for the purpose intended and are 
presumably based on known data. 

Turning back to the first page of this 
article, the seven determining conditions 
there outlined for sand castings are 
equally applicable to steel cast in a 
metallic mould, Let it also be added 
that in the larger number of cases a 
defect in the ingot persistently survives, 
but that it is usually detected by the 
rigid system of inspection followed. 
Evidently, then, mysterious failures are 
not due to ordinary causes, and are 
beyond the experience on which usual 
specifications are based. 

The fact that ordinary tests do not 
select dangerous material gives a reason 
for the wide efforts in progress towards 
one which will decisively answer the 
question, “Is the steel safe?” Of 
these tests, those introduced by Pro- 
fessor Arnold, Mr. E. G. Izod, and 
Messrs. Seaton & Jude have been indi- 
cated in other issues of this Review. 
The alternating stress test of Professor 
Arnold admirably answers the question 
of safety, and at once selects a danger- 
ously brittle steel. The alternating 
stress results subsequently given were 
obtained from this machine. 

Reverting to the influence of casting 
temperature on mild crucible steel the 
following results show that the effect, if 
any, is not shown in tension tests. 

This table embraces two steels of 
nearly uniform composition in three 
conditions, viz., cast, annealed, and 
forged, each condition including two 
distinct casting temperatures. The 
difference in properties between the 
forged and cast condition is well shown, 
but the difference in casting temperature 
does not influence any one of the three 
conditions. It will, however, be noted 
that 98a in the bending test fractures on 
reaching an angle of 160 degrees. It may 
be well to add that the conditions, apart 
fromm casting temperature, are perfectly 
comparative. 97a and 98a were annealed 
together, whilst 99 and 100 were forged 
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| | | 
Analysis. | : | 
; | Max. | Elong. | | 
Ss ee ae — — Casting | tas Srress o- Reduc- Bending 
| Tempera- | Condition. neers: 2 tion of PCT 
| | | Manga- ture °C Tons | cent. | pact angle °. 
No ‘oie | Silicon.| ° Poin Sulphur|Phosph. F sq. in. | on 2 in.| ; 
| | | 
| | 
97 0°36 0°22 0°89 0°02 0°02 1550 to 1600 cast | 35°8 12°5 | 12°5 75 broken. 
98 | ” ” o ” ” 1470 to 1500 cast | 34°2 11°§6 | 17°4 80 9 
Q7A ow a ao - ” cast annealed! 27°’0 17°5 | 17°4 180 unbroken. 
Q8A ” ” ” ” 6 castannealed| 28°2 18°5 | 180 160 broken. 
99 | 0°37 | 018 0°87 0°03 0°02 1550 to 1600 forged 40°9 27°5 | 54°0 180 unbroken. 
100 | » | 9 - ” |» | 1470 to 1500 forged | 40°! 28°0 | 50°0 180 ” 





under exactly similar conditions. The 
following table gives the alternating 
stress results :— 


270 Reversals per minute, *, in. stroke, test 
piece jin. by j in. 





No. | Reversals to complete fracture. 

| 

97 | 68 
| > 

98 | 45 

97 A 122 

98 A 62 

99 540 

100 172 





In these results the influence of the low 
casting temperature is well shown; thus 
steel 98, even after annealing, only just 
approaches the value obtained from 
97 in the cast condition. The forged 
results are worthy of very careful con- 
sideration, especially the comparatively 
low resistance of No. 100 to alternating 
stress. At the risk of repetition, it may 
be well to state again that each of the 
foregoing conditions were, as judged by 
tension tests, practically equal in value. 
In this fact, the significance of the results 
are to be found, for if with mild steel— 
not overheated, but cast at too low a 
temperature—the usually accepted tests 
do not select brittleness, there is con- 
siderable risk of a dangerous steel going 
into service. It is not intended to 
advance faulty casting temperatures as 
the source of all mysterious fractures ; as 
a matter of fact, the data yet available 
is insufficient in character to warrant 


any sweeping conclusions with reference 
to forged steels. With cast metals this 
influence is paramount, and the results 
given, showing its survival through 
various forms of heat treatment, empha- 
sise its importance in everyday foundry 
work. The fact that brittleness under 
alternating stress induced by a low 
casting temperature is not removed by 
forging, opens out a new field of inquiry 
into investigations of fractures in mild 
steel of otherwise high ductility. 
Herein lies one source of disease worthy 
of careful and detailed study. 


Postseript.—Since completing the fore- 
going, the writer’s attention has been 
called to an article by Dr. Wedding on 
‘‘ Defects in Ingot Iron Castings,” 
which is noted in the metallurgical sec- 
tion of last month’s issue. With mild 
steel Dr. Wedding emphasises the im- 
portance of varying casting tempera- 
ture on the formation of blowholes and 
shrinkage cavities. Such defects are of 
considerable moment; they are, how- 
ever, entirely secondary to the influence 
of casting temperature on the mechani- 
cal properties. With average castings, 
blowholes and shrinkage cavities are 
detected on machining; further, their 
occurrence due to the source indicated 
is extremely erratic, whilst the influ- 
ence of casting temperature on mechani- 
cal properties is constant. The whole 
of the tests given in the present article 
were obtained from metal perfectly free 
from blowholes, shrinkage cavities, or 
shrinkage strains. From any given 
metal or alloy melted and cast under 
careful supervision, perfectly sound cast- 
ings may be obtained within the range 
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of fluidity. Externally these castings 
will show no difference other than that 
the higher the temperature the greater 
the adherence of sand and the rougher 
the surface. On machining the castings 


the appearance will be identical, but 
on testing either by tension, torsion, 
transverse, bending or alternation the 
properties of the sound castings will vary 
with the initial casting temperature. 





Compounds of Carbon and Silicon with Metals. 


By heating together finely-divided iron and 
lamp-black in the electric furnace, carbon-iron 
alloys containing up to 4°96 per cent. of carbon 
have been prepared by Hempel. With cobalt, 
products containing up to 845 per cent., and 
with nickel up to 6°25 per cent., of carbon were 
obtained. In the case of iron and cobalt, the 
greater part of the carbon in the cooled pro- 
duct is chemically combined; but in the case 
of nickel, nearly the whole of the carbon in the 
final product is present as graphite :— 


Platinum can take up 12 per cent. of carbon, 
whereby it becomes brittle. 
Copper can take up to 0°03 per cent. of carbon. 


Silver ” 0°04 ” ” 
Gold 9 o°3I ” ” 
Manganese _,, 0°47 ” ” 
Chromium _s,, 2°23 *” ” 
Tungsten ae 33 9 ” 


By fusing a mixture of the reduced metal with 
powdered silicon crystallised from zinc, silicon 
cobalt alloys containing up to 19°3 per cent. of 
silicon were obtained, the products being 
extremely hard and brittle. The correspond- 
ing nickel alloys contained up to 19°95 per cent. 
of silicon. With mixtures of silicon and car- 
bon, together with cobalt and nickel respec- 





tively, amounts of silicon less than 1°4 per cent. 
have little influence on the quantity of carbon 
taken up ; butif the silicon be present in excess, 
the amount of carbon taken up is less, the 
greater the quantity of silicon in the final pro- 
duct. Commercial zinc is stated to be quite 
free from carbon. For the determination of 
the carbon in metals, the author, says Engineer- 
ing, recommends Weyl's method of dissolving 
the metal by the aid of the electric current. A 
piece of glass tubing is made, with one end in 
the form ofa flat plate having a hole in the 
middle. The material is placed on this plate 
and the tube is immersed in dilute hydrochloric 
acid (HCl), so that about one-third of the 
material is covered. The current flows through 
a platinum wire in contact with: the material 
being examined. The undissolved carbon is 
determined by combustion with chromic acid 
by Ullgren’s method. In the case of metals, 
such as platinum, the author finds that the 
metal is quickly dissolved by approximately the 
theoretical amount of agua regia, if the mixture 
of metal and acid be heated to 130° C. in 
a sealed tube. The undissolved carbon may 
then be determined by combustion, and any 
carbon dioxide formed determined gasometri- 
cally. 























The New Dock and Transit Sheds at 


the Manchester Docks. 


By H. L. HUNTER. 


WING to the progressive in- 
crease of traffic on the 
Manchester Ship Canal, 
extension of the dock system 
has been for some years past 

an urgent necessity. In the year 1goo 
the directors of the canal decided upon 
the construction of two new docks 
together with warehouses, railways, and 
roads. They were fortunate in finding 
a most suitable site for the proposed 
works in a plot of land covering an area 
of about 150 acres, the greater part of 
which was formerly occupied by the 
Manchester racecourse. Of this area 
214 acres will be devoted to the new 
docks, and the remaining 1284 acres to 
quays, warehouses, railways and roads. 

Fig. 1 is a block plan showing the 
position of the new docks, which are 
designated No. g and No. to respectively. 
The first of these is now completed and 
will be opened for traffic during next 
month. Work will be commenced 
upon the second at the earliest possible 
moment. 

The water area of the No. g dock is 
154 acres, the length along the centre 
line being 2,700 ft. and the width 250 ft. 
The depth of water will be 28 ft., corre- 
sponding with that of the Ship Canal. 
As may be seen by reference to the plan, 
the longitudinal axis of the dock lies 
almost due east and west. The western 
end is left open, giving access to and 
from the canal, and the eastern end is 
closed by a concrete wall. On the 
northern and southern sides the walls 
consist of two series of concrete piers 
and arches. The arches are open in 
front, and the space beneath them is 
partly filled by pitched slopes supported 
at the back by concrete walls between 
the piers. 
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It should here be explained that the 
old Salford quay formerly extended 
across the entrance to the new dock. 
The face of this quay consists of a 
solid concrete wall nearly 1o ft. thick, 
and was of great assistance to the con- 
tractors during the work of excavation, 
because it acted as a very efficient dam 
for holding up the water of the Ship 
Canal. 

Excavation of the basin was com- 
menced in the autumn of 1Igo2, and 
occupied a period of about two years, 
the total quantity of material removed 
being nearly g00,000 cubic yards. 

The contractors’ plant used for the 
purposes of excavation included :—Four 
Dunbar-Rushton steam navvies_ with 
buckets each holding 15 cubic ft., 12 
locomotives, 300 tipping and other 
waggons, and 12 steam cranes. Eight 
pumps of various types and capacities 
were provided for dealing with any 
water that might be encountered, but, 
as it turned out, very little water entered 
the cuttings, even at the lowest level. 
Hence only one pump was fixed, and 
this was never used to more than one- 
sixth of its full capacity, and then only 
for a fewminutes atatime. Inaddition 
to the plant mentioned, the contractors 
laid down about 15 miles of railway 
track, 4 miles of this being in the work- 
ings of the new basin. 

The chief points of interest connected 
with the construction of the dock centre 
in the north and south walls and quays, 
of which Fig. 2 is a typical cross 
section. The end or east wall was 
put in solid to form a boundary wall 
of the foundation for a future grain 
elevator. 

The piers on the north side, 113 in 


-number, are spaced 25 ft. apart centre 
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» I.—PLAN OF MANCHESTER DOCKS, 


1G 


to centre. The 
foundations were 
formed by excavat- 
ing trenches to ft. 
wide by 20 ft. long, 
to a depth of 3 ft. 
6 in. below the level 
of the dock bottom, 
but in some cases it 
was necessary to 
take the trenches 
5 ft. or 6 ft. deeper, 
in order to reach the 
soft sandstone sub- 
stratum. Blocks of 
stone were used as 
“plums” in the 
bottom of — each 
trench to economise 
the concrete which 
was deposited be- 
tween and_ over 
them, and brought 
up to the level of 
the dock bottom. 
Above the footings 
so formed, an 18-in. 
course of concrete 
was laid 8 ft. wide 
by 20 ft. long, and 
upon this the pier 
was built 6 ft. wide 
to the length of 
20 ft. and the height 
of 18 ft. 5 in. to the 
springing of the 
arches (see Fig. 3). 
The foundations 
and piers were ex- 
tended backwards 
for a further length 
of 16 f 8 wm. 
making the total 
length measured 
from the face equal 
to 36 ft. 8 in., the 
foundations of the 
hinder portion of the 
piers being stepped 
upwards to a height 
of 5 ft., thus making 
a total height of 
foundation and pier 
in this part only 
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FIG. 2.—CROSS SECTION OF DOCK WALI 
18 ft. 5 in., while the total height of the about 3 ft. thick, between shutters 


front portion is 23 ft. 5 in. The top of 
each pier is shaped to form suitable 
skewbacks for the arches on either side. 

The spaces between the back ends of 
the piers are filled by concrete curtain 
walls 3 ft. thick by 8 ft. gin. high, these 
walls being for the purpose of tying the 
piers together, and of acting as abutments 
for the slopes beneath the arches. 

The arches ‘have a clear span of tg ft. 
each, a thickness at the springings of 7 ft. 
and at the crown of 2 ft., the intrados 
being of segmental form with a radius 
of 13 ft., and a rise above the springing 
line of 5 ft. The arches extend back 
from the face of the dock to the concrete 
walls connecting the piers, a distance of 
33 ft. 8 in. 

The space beneath each arch is partly 
filled by a slope consisting of rammed 
earth with a fall of 1 in 14 from the 
concrete wall down to the bottom of the 
dock, these slopes being faced with 
limestone pitching 15 in. thick. 

All the piers were built up in courses 


shored up by strong timber framework. 
Each layer of concrete .was allowed to 
set for about three days before the forms 
were raised for the deposition of the 
next course. The arches were moulded 
on timber centring supported by the 
framework used for shoring up the 
shutters for the piers. Four centring 
ribs were employed for each arch, being 
covered with lagging formed of planks, 
nailed in position and the joints between 
them being filled with clay. The con- 
crete was deposited upon the centring, 
well tamped, and allowed to set for three 
weeks before the centring was lowered. 

Great care was taken not to damage 
the timbering, and for this reason six 
sets of moulds and centring ribs were 
found sufficient for the execution of all 
the concrete work in the dock walls. 

In the southern wall of the dock the 
construction is very similar to that de- 
scribed above, but, owing to the fact 
that the length is considerably less 
than that of the northern wall, only 
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ninety-nine piers were required— serving 
for the construction of ninety-eight 
arches and slopes. 

It should be explained, however, that, 
in order to provide foundations for the 
long range of transit sheds on the south 
side of the dock, ninety-three of the 
piers were extended back for a distance 
of 112 ft. 4 in., making the total length 
of these piers 149 ft. 

These extended piers were built with 
foundations in three steps, one of 5 ft., 
as in the case of the piers on the north 
side of the dock, and two others of 
8 ft. 6 in. and 5 ft. respectively. The 
hindermost portion of the pier, 112 ft. 4 in. 
long, 6 ft. wide, and 16 ft. deep, is 
finished at a height of 6 ft. above the 
level of the crowns of the arches facing 
the dock. 

A fender course is formed immediately 
above the arch crowns, this course being 
formed of limestone in blocks 18 in. 
deep by 30 in. wide and of varying 
length. 

Above the fender course, the face of 
the dock wall is built in blue brick with 
a backing of red brick, both laid in 2:1 
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FIG. 3.-—PART ELEVATION OF DOCK WALL. 


Portland cement mortar. This facing 
wall is 144 in. thick, backed by 40 in. of 
concrete, and above it is a granite 
coping. 

The inner face of the concrete back- 
ing forms one side of a tunnel extending 
beneath the quays on the northern, 
eastern and southern sides of the dock, 
intended for the reception of hydraulic 
and ordinary water mains and electric 
cables. For the sake of distinction this 
tunnel is hereafter termed “ hydraulic 
subway.” It measures 4 ft. 6 in. wide 
by 5 ft. 6 in. high, and, as shown in 
Fig. 2, has an arched roof in which 
are formed the various manholes and 
hydrant, fuse, and switch boxes. 

Parallel with the hydraulic subway 
is another tunnel running along the 
southern side of the dock, the two sub- 
ways being separated by a concrete wall 
2 ft. thick. A similar tunnel runs 
parallel with the hydraulic subway on 
the northern side, but only extends from 
the eastern end to a point halfway along 
the dock. The latter subways provide 
accommodation for two electrically- 
driven belt conveyors for the purpose 
of transporting grain from vessels lying 
alongside the quay into an elevator with 
a capacity of 40,000 tons to be built at 
the eastern end of the dock. 

Each conveyor subway measures 
9 ft. g in. wide by 6 ft. 6 in. high. The 
side walls are of concrete 2 ft. thick and 
the roof is built of 8-in. rolled steel 
joists, spaced 30 in. apart, with inter- 
vening panels of concrete 8 in. thick 
reinforced by a network of corrugated 
wire mesh embedded at a distance of 
about 1 in. from the lower surface. 

The conveyors are driven by electric 
motors installed in chambers situated at 
intervals of 150 yards along each sub- 
way. These motor chambers are 31 ft. 
long by 5 ft. wide, being separated from 
the subway by a g-in. brick wall in 
which is a cast-iron door. The motor 
shafts extend through the brick wall 
into the subway, running in pedestals 
fixed in wall boxes. Let into the con- 
crete at convenient distances apart are 
grain chutes of cast-iron, through which 
grain will fall down to the belts after it 
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has been raised from the holds of vessels 
alongside the quays. 

The outside surface of the roofs and 
sides of the hydraulic and conveyor 
subways were thickly coated with tar, 
over which strips pf felt were laid, and 
then two other coats of tar. 

Ample provision has been made for 
the removal of surface water outside the 
subways by gulleys and pipes dis- 
charging into the main drains. 

The subway floors have a slight slope 
longitudinally, so as to carry off any 
possible leakage down to surface drains, 
laid across the subway at suitable dis- 
tance and covered by gratings. These 
drains also discharge into the main 
drainage system. 

Above the roofs of the subways sand 
and cinders were deposited to form a 
bed for the sleepers of the railway lines 
running along the quays. The rails 
having been fixed in position on longi- 
tudinal sleepers, a roadway paved with 
setts was constructed for the whole 
width of each quay, level with the 
coping of the dock walls. 

This coping is formed of granite blocks 
2 ft. thick, in which bollards are fixed 
at intervals of every 60 ft., these being 
anchored by long bolts extending ver- 
tically and horizontally into the concrete. 

Granite stairways are built in the 
brickwork and granite coping in con- 
venient positions, these stairways ex- 
tending downwards to the water level 
of the dock. 

Beneath the level of the dock bottom 
and at the distance of 300 ft. from the 
western end is a cast-iron subway cross- 
ing the dock and connecting the northern 
and southern ends of the hydraulic sub- 
way, communication being given at each 
side of the dock by a vertical shaft. 

Each of these shafts, 40 ft. deep, is 
lined with cast-iron segments bolted 
together to form a ring 6 in. in diameter. 
The shaft is divided into three sections 
by iron gratings and ladders which 
extend from grating to grating. 

The subway, 5 ft. in diameter and of 
the sectiona! form shown in Fig. 4, 
is lined with cast-iron rings 4 ft. 6 in. 
long, made up of nine segments, the tube 
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FIG. 4.—PART LONGITUDINAL SECTION OF 
DOCK WALL. 


being supported by a foundation of con- 
crete encased in the same material to the 
thickness of 15 in. Above the concrete is 
about 2 ft. of filling forming part of the 
dock bottom. 

Inside the subway a level floor is 
formed by a bed of concrete with a 
maximum thickness of 6 in. 

The walls of the new dock have been 
built up to and connected with the old 
Salford quay, and within the last few 
weeks that portion of the old quay, 
which had been of great assistance by 
effectively sealing the entrance to the 
dock, has been removed, partly by 
blasting with ammonite to a depth of 
5 ft. or 6 ft. below water level, and partly 
by means of a new mechanical rock 
breaker, of the type now being used in 
the rock section of the canal in connec- 
tion with the work of deepening the 
waterway by 2ft. Recesses were left 
in the walls at the points of junction 
between the old and new work, and 
when the jagged edges left by blasting 
had been dressed by divers, these 
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recesses were fitted with heavy timber 
frames and bullnoses as a protection at 
the corners for the hulls of incoming 
and outgoing vessels. 

All the concrete used in the new dock 
was mixed in the proportions of 1 part 
Portland cement, 2 parts sharp sand, and 
6 parts washed gravel or broken stone. 
The total quantity of concrete used in the 
construction of the dock and the founda- 
tions for the new elevator amounted to 
110,000 cubic yards, involving the con- 
sumption of 17,000 tons of Portland 
cement, of which about 8,o00 tons were 
supplied by Messrs. Martin Earle & Co., 
of Rochester. 

In the construction of the facing walls, 
fender course, and copings of the dock, 
the approximate quantities of material 
used were 1,600 cubic yards of blue brick, 
3,000 cubic yards of red brick, and 60,000 
cubic feet of granite coping and fender 
course. About 100,000 cubic yards of 
limestone pitching were required for the 
slopes beneath the arches and 60,000 
cubic yards of setts for paving the 
roadways along the quays. 

The works were designed by and are 
being executed under the superintendence 
of Mr. W. H. Hunter, chief engineer to 
the Manchester Ship Canal, Mr. George 
Williams, son of Sir E. Leader Williams, 
being the resident engineer, and Messrs. 
Lovatt & Co., of Wolverhampton, the 
contractors. The total cost of the new 
dock and auxiliary works will probably 
exceed £230,000, without taking into 
account the cost of land or of the new 
transit sheds. 

The gigantic range of buildings 
technically described as transit sheds, 
extend for a distance of about 2,250 ft. 
along the southern quay of the new dock. 
They are built entirely of ferro-concrete, 
a material which is particularly suitable 
for structures of this character. 

This portion of the works included 
the construction of five transit sheds, one 
in the centre having a length of 450 ft., 
while each of the other four measures 
425 ft. long. All the sheds have the 
uniform width of 110 ft., anda height of 
45 ft. from ground level to the top of the 
flat roof. Each shed includes three 
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FIG. 6.—END ELEVATION OF SHED. 


floors, and the whole series is connected 
by gangways at the levels of the first 
floor, the second floor, and the roof. 

Taking the roof into account, the 
total floor area of the sheds amounts to 
nearly 1,000,000 sq. ft., or about 23 acres. 
Although very large, this area is by no 
means excessive, as past experience at 
the Manchester docks indicates the 
desirability of apportioning some 45,000 
sq. ft. of shed room for every too ft. run 
of quay accommodation. 

Ample facilities are provided for deal- 
ing with merchandise passing through 
the sheds. The whole front of the sheds 
facing the dock can be thrown open for 
the reception of goods, which will be 
carried directly into the ground floor 
either on railway wagons or lorries, and 
raised by means of numerous electric 
cranes and hoists to the first and second 
floors and the roof, whence they will be 
transhipped by electric quay cranes, of 
which there will be an abundant supply. 
In unloading a vessel the reverse pro- 
cess will take place. To facilitate the 
landing of goods, a permanent platform 
projecting about 3 ft. 6 in. has been 
built at the level of the first floor, and 
hinged loading platforms are provided in 
a continuous row at the level of the 
second floor. 

At the back of each shed there are 
five teagles, or hoisting towers, which 
commence at the level of the first floor 
and extend above the roof so that goods 
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can be lifted from the ground to the top 
of the building, or transferred from one 
floor to another. 

Between these towers the first floor of 
the building is extended so as to form a 
verandah or balcony 12 ft. wide, serving 
to shelter vehicles from the weather, 
and in each shed three openings or 
hatchways are formed in this verandah 
for use as additional loading stations. 
Opposite these hatchways doors are 
provided on each floor, and above them 
are catheads for raising and lowering 
goods. 

Fig. 5 is a half elevation of one 425 ft. 
shed, and shows three of the hoisting 
towers at the back. The other turrets 
indicated in this drawing are structures 
on the flat roof, which form the upper 
portion of staircases inside the building. 
Fig. 6 is an end elevation typical of all 
the sheds. 

Foundations for all the sheds are pro- 
vided by the horizontal extensions of 
the ninety-three piers mentioned in 
connection with the construction of the 
dock walls. 

All these piers are tied together by 
concrete arches, which were built in a 
very economical manner by cutting out 
the earth to the required curve, and 
then by filling in concrete between 
shutters. The surface of the earth, 
having been carefully smoothed, formed 
the bottom of the mould. This mode 
of procedure avoided the necessity for 
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the expense of deep excavations, the 
erection and removal of arch centrings 
and re-filling the spaces excavated. 

As previously stated, the piers are 
spaced 25 ft. apart, centre to centre, and 
upon each of them brick footings are 
built 22 ft. apart, centre to centre, the 
dimensions of the footings being 6 ft. 
by 7 ft. g in. by 4 ft. high. 

In each of the 425-ft. sheds there are 
eighty-five of these footings, and ninety- 
five in the 450-ft. shed. 

Cast-iron baseplates, 4 ft. in diameter, 
are fixed upon the brick piers, these 
baseplates affording a bearing for the 
vertical reinforcement of the ferro- 
concrete columns, which transmit the 
weight of the entire structure to the 
foundations. Thus the sheds and dock 
wall are tied together into one huge 
monolithic mass, capable of withstand- 
ing the most powerful disturbances. 

The columns are spaced 25 ft. apart 
longitudinally and 22 ft. apart trans- 
versely, the outer rows forming part of 
the walls. Between the columns the 
wall thickness is only 4 in., this being 
amply sufficient, as the weight of all the 
walls, floors and roofs is taken by the 
main girders and finally by the main 
columns. 

Each shed is divided into two parts 
by the construction of a ferro-concrete 
partition wall, all openings in which are 
closed by two fireproof doors, one on 
each side. Although the whole of the 
construction is absolutely fireproof, it is 
quite possible that fire might break out 
in some of the goods stored, and these 
partition walls are intended for the pur- 
pose of enabling the staff to deal more 
efficiently with any outbreak. 

The main columns are 20 in. square 
by 16 ft. 3 in. high on the ground floor, 
14 in. square by to ft. 6 in. high on the 
first floor, and 12 in. by to in. by to ft. 
6 in. high on the second floor. 

The net heights of the three stories of 
the building are:—Ground floor 14 ft. 
3 in., first floor 8 ft. 4 in., second floor 
8 ft. 7 in. 

On the ground floor each column 
contains ten steel bars of vertical rein- 
forcement, connected laterally by ties 


spaced about 6 in. apart, measured 
vertically. 

Before the building of the columns 
was commenced, a semi-hemispherical 
cast-iron shield, with an opening in the 
top, was fixed over the cast-iron base of 
the column, The reinforcement was then 
erected and temporarily fixed in position, 
together with four angle bars to protect 
the corners of the concrete from accidental 
injury. These bars were held in position 
by strips of steel riveted to them at 
intervals of a few inches apart, the free 
ends of the strips being turned inwards 
and attached to the main reinforcement. 

The column mould was then erected 
and properly stayed, one side of the 
mould being left open to give access for 
deposition of the concrete layer by layer. 
The same procedure was adopted for all 
the columns in each building from the 
base up to the level of the first floor, so 
that the concreting could be done simul- 
taneously, or as nearly so as possible, 
on all the columns. 

Concrete was filled into the moulds 
in layers 6 in. thick, this work being 
done with a trowel, and on the comple- 
tion of each layer a piece of board 6 in. 
wide was nailed across the open side of 
the column mould until the mould was 
completely filled and boarded up. 

All the concrete used in this way was 
mixed rather wet, so that it might the 
better be able to penetrate between the 
various members of the reinforcement, 
and to fill all voids inside the moulds. 

Near the top of each column the 
mould was extended on either side so as 
to form two brackets for the purpose of 
giving additional support to the main 
beams of the building. 

The number and area of the steel bars 
constituting the column reinforcement 
was varied in accordance with the loads 
to be carried, and as a matter of fact 
there are no less than ten different types 
of column design on the ground floor 
alone, although the general system of 
construction was that described above. 

As soon as the coiumns had been 
carried to the level of the first floor, 
timber moulds were built up for the 
formation of the main beams, secondary 
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beams, and floor slab. The main beams 
measure 12 in. wide by 18 in. deep, the 
secondary beams are } in. wide by ,%, in. 
deep, and the floor slab is 5 in. thick. 

After they had been erected and 
stayed, the moulds and centring for 
the floor slab were thoroughly washed 
down and treated with limewash. Then 
about 1° in. of concrete was deposited 
along the bottom of the beam moulds, 
and into this layer, U-shaped stirrups 
of steel hooping were inserted in sets of 
three, each set at intervals of 6 in. apart. 
In these stirrups were laid three straight 
bars of steel which were covered with 
concrete. After them came three more 
bars, bent up towards each end. These 
in turn were covered with concrete, and 
three straight bars were laid near the top 
of the mould, which was next filled up 
with concrete. The formation of the 
beam was completed by the insertion of 
more U-shaped stirrups in an inverted 
position, these stirrups being forced into 
the concrete before it had commenced 
to set. 

A very similar process was followed 
in the moulding of the secondary beams, 
the only difference being that the dimen- 
sions were smaller and fewer bars and 
stirrups were required as reinforcement. 
The mode of setting the two lower sets 
of bars, whose function is to take up 
all tensile stresses in the beams, con- 
stitutes the chief peculiarity of the 
Hennebique system, the middle bars, 
sometimes termed * rising bars,” being 
supposed to be particularly useful in 
sustaining the bending moments due 
to the loads on the beams. Another 
peculiarity is that M. Hennebique does 
not rely upon adherence between con- 
crete and metal to form the bond 
between these materials. Hence the 
extremities of the tension bars are fish- 
tailed to form a species of “lewis” in 
the concrete, and the stirrups are curved 
over at the ends. 

When the concrete of the main and 
secondary beams had been allowed to 
harden for four days, the floor slab 
was moulded by depositing successive 
layers of concrete alternately with rows 
of steel rods, the rows being laid first in 
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one direction and then in another, so as 
to form a rectangular network separated 
by layers of concrete about 1 in. thick. 

On completion of the first floor, timber 
moulds were erected for the next section 
of the columns, and when these were 
finished the moulds were fitted up for 
the beams and slab of the second floor, 
the method of construction adopted for 
this, and for the flat roof, being exactly 
the same as that already described. 

The ferro-concrete walls were built 
by filling the spaces between the main 
columns with a network of steel rods, 
and depositing concrete around them 
between timber shuttering. The flat 
roof was finished by the erection of 
ferro-concrete parapets along the side 
and back walls, the front of the roof 
being protected by a parapet of cast 
iron anchored down into the concrete 
of the walls. 

That part of each hoisting tower 
which projects above the roof level 
was continued back for about Io ft. 
to afford housing for the electrically- 
driven hoist. The other roof structures 
are the turrets covering the staircases, 
to which reference has been made 
previously. At either end of each shed, 
in the corner nearest the dock, a large 
block of concrete was built up to serve 
as a foundation for the electric crane, 
which is installed on the roof at each of 
these points. 

All hooks and other fastenings for 
doors, loading platforms, hoists, and 
other structural and mechanical details, 
were embedded in the concrete during 
the process of moulding with the object 
of avoiding the necessity for cutting 
away and making good ata later period. 

The columns on the ground floor were 
calculated for a normal load of 340 tons 
each, those of the first story for a load 
of 226 tons, and those of the second 
story for a load of 113 tons. All the 
floors and flat roofs were calculated 
for a normal load of 34 cwt. per square 
foot. 

It is satisfactory to note that the 
official tests conducted upon the columns 
and floors have demonstrated the fact 
that the strength and rigidity of the 
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construction is considerably in excess 
of the standard demanded by the speci- 
fication, a result which may be attri- 
buted to the incorporation of far more 
steel in the shape of reinforcement 
than is customary in French practice. 
Engineers on the Continent generally 
adopt proportions that would not be 
accepted in this country, although they 
may appear to be justified on theoretical 
grounds. Still, the teaching of practical 
experience is that the strains actually 
experienced may be greater than those 
taken as the basis of calculation, and 
if the bond between the concrete and 
the steel should be impaired in con- 
sequence of long-continued vibration, 
the resistance of the construction as 
a whole must clearly be reduced to 
no inconsiderable extent. For these 
reasons, engineers will do wel! to in- 
sist upon an ample margin of safety 
when designing buildings and other 
structures of reinforced concrete. So 


far as concerns the buildings de- 
scribed in the present article, there is 
sufficient reason for the belief that the 
essential conditions of strength, stiff- 
ness, and stability are adequately 
assured. 

In their construction some 75,000 
cubic yards of concrete were employed, 
including 12,000 tons of Portland cement, 
and nearly 6,000 tons of steel for the 
purpose of reinforcement, the total cost 
of the buildings and equipment being 
over £ 220,000. 

The general design of the sheds was 
prepared by Mr. W. H. Hunter, chief 
engineer to the Manchester Ship Canal, 
and the details of the ferro-concrete 
construction by Mr. L. G. Mouchel, 
M. Soc. C.E. (France), who is the agent 
in Great Britain for the Hennebique 
patents. The contractors were Messrs. 
Lovatt and Brueder, of Wolverhampton, 
who have executed the works in a most 
efficient and satisfactory manner. 
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Testing and specifying Portland Cements 
with Reference to Standard 
Specification. 


By J. KERR ROBERTSON, A.M.Inst.C.E. 





AVING regard to the erratic in- 
dividualism that has charac- 
terised so many specifications 
and has led to so much un- 
necessary multiplication of 

types, to indite a formal argument in 
favour of standardization would be to 
insult the intelligence of the readers of 
this paper. The agitation which com- 
menced during the last decade of the 
nineteenth century amongst many en- 
gineers and manufacturers for the stan- 
dardization of many articles which find 
general use in all works of construction, 
and upon the quality and reliability of 
which are based the calculations of the 
designer, fortunately led to the forma- 
tion of a committee with which was 
entrusted—in joint interests of buyer 
and seller — the preparation of the 
standards of manufacture and dimen- 
sions of such articles. 

This Engineering Standards Commit- 
tee, formed in 1go1, was supported by the 
Institution of Civil Engineers, the Insti- 
tution of Mechanical Engineers, the 
Institution of Naval Architects, the Iron 
and Steel Institute, the Institution of 
Electrical Engineers, representatives of 
Government departments and manu- 
facturers, and has after much deliberation 
issued standard specifications for rails, 
steel beams, tees, angles, Portland 
cement, tramway rails, electric traction 
equipment, etc., and already there are 
signs that traffic in these articles will 
follow the channels so carefully prepared 
for it. 

What effect this standardization will 
have on the future development of the 
manufactures so treated is difficult to 
foretell, but past history clearly shows 


that the competition of commerce to 
meet and anticipate the always increasing 
demands of engineers’ and architects’ 
specifications was responsible for the 
high standard and wide variety in 
the manufacture of the articles now 
docketed and specified for production 
and use. 

The gradual development and steady 
improvement in the quality and relia- 
bility of manufactured constructive 
materials during the past eighty years 
is aptly illustrated by the history of 
Portland cement, and, as showing the 
obstacle to this progress any standard 
specification would have been, a brief 
sketch of the history and our present 
knowledge of this material must bear 
witness. 

The introduction of Portland cement 
as an important material of construction 
is comparatively recent, dating from 
1830. 

Portland cement consists of a mixture 
of clay and chalk in certain proportions, 
depending on the carbonate of lime in 
the chalk and the silica and alumina in 
the clay, the proportion of the latter 
being 20 per cent. of the mixture when 
it contains not more than 15 per cent. 
of iron in the form of oxides. 

The analysis of the materials as 
generally employed in the manufacture 
of Portland cement in England are :— 


Cray. CHALK, 
Silica ... «es 63°45 Lime nee we. 500 
Alumina... 11°64 Carbonic acid 4 4°0 
Carbonate of 
lime eee 0°75 


Oxidesofiron 14°80 
Soda of alka- 
HOb ss o- 2D 
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The chief object to which attention is 
first directed in the process of manu- 
facture is to obtain an intimate com- 
bination of the materials. This is 
accomplished by the agency of water 
and mechanical contrivances, and upon 
the satisfactory manipulation of the 
mixture at this stage depends much of 
the quality of the finished product. 

The water is then drained off and the 
mixture is put in kilns where it is 
decarbonized and becomes “clinker.” 
The clinker is then passed through the 
grinding mills, and becomes the cement 
with which everybody is familiar. 

Such, then, is an outline of the manu- 
facture of Portland cement, but the 
success of the process depends on the 
care and intelligence of the manufacturer, 
as the whole of the cementitious quality 
of the product lies in the manipulation 
of the selected components. 

In order to gauge the quality and 
strength of cement engineers apply the 
following tests: 

1. Analysis of chemical composition. 

2. Degree of fineness of grinding. 

. Weight. 
. Tensile strength. 
5. Rate of setting. 

6. Soundness. 

Chemical Composition.—A good sound 
Portland cement on analysis should show 
the following chemical composition : 


ni & Ww 


Lime ies ee a 
Silica ae ua 
Alumina oe : 7 
Oxide of iron ad 4 
Sulphuric acid 0°5 
Alkalies 0'5 
Magnesia ... ote ‘ I°5 
Moisture 35 


In any chemical analysis of a sound 
cement lime should not exceed 61°5 per 
cent., magnesia 1°25 per cent., sulphuric 
acid in the form of sulphites and 
sulphates equivalent to 1°25 per cent., 
not less than 23 per cent. of silica, and 
12 per cent. of alumina and oxide of 
iron, and °75 per cent. of moisture. 

The presence of a high percentage 
of lime in cement is indicated by a 
high tensile strength and subsequent 
fissuring of the concrete. An excess of 


clay in the original admixture is indi- 
cated by a high percentage of alumina, 
and tends to make a_ quick-setting 
cement. The defect can be overcome 
by aeration, a “ cooling’ resulting in 
the partial hydration of the lime, or by 
the addition of gypsum, which is allowed 
by some authorities in small quantities. 

Fineness.---One of the most marked 
differences in Portland cement as used 
now and fifty years ago is the fineness 
to which the clinker is reduced in the 
mills. Even so lately as 1870 the fine- 
ness of cement was regulated by passing 
through sieves with meshes ranging from 
1,600 to 3,000 per sq. in., while now the 
sieves specified range from 5,776 to 32,400 
meshes per sq. in. 

Finely-ground clinker produces a 
quick-setting water-tight cement, and as 
the particles hydrate simultaneously no 
fissures or lines of weakness are pro- 
duced in the mass, as so often occurs 
where unevenly ground cements are 
employed. 

Weight.It was early recognised that 
heavy and hard clinker produced the 
best cements. And in order to ensure 
a heavy clinker being finely ground, 
engineers specify the weight of the 
cement, as the light clinkers easily pro- 
duce a very finely ground cement. The 
earlier cements were specified to weigh 
from 112 to 120 lbs. per bushel, but 
owing to the fineness of modern cements 
the weight of a bushel has been reduced 
to from 100 to 110 lbs. 

This test is hardly a true criterion of 
quality, as cements lose weight with age, 
and it may be held generally that a very 
finely ground cement showing a com- 
paratively great weight contains an 
excess of lime. 

Strength. — All the improvements 
which have been introduced in the pro- 
cess of manufacture have been directed 
to obtain an increase in the strength of 
cement. 

In works where cement is_ being 
employed in large quantities it is usual 
to test samples taken from each delivery, 
its use being prohibited until such tests 
have been made and the cement approved 
by the engineer. The test of tensile 
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strength is therefore of the greatest 
importance. 

To obtain reliable strength tests 
briquettes are made 1 in. deep of the 
form shown in Fig. 1, having a sectional 
area of 1 sq. in. at the plane of fracture. 
Much care is required in the preparation 
of these briquettes, as upon their sound- 
ness depends the reliability of the test. 

As cement may set any time between 
ten minutes and five hours after mixing 
it is important that the quantities made 
up should not unnecessarily protract the 
operation, and for this reason it is usual 
not to mix more of the test material 
than is sufficient to make up two of the 
above briquettes. 

There are two methods of testing the 
strength of cements; either the cement 
can be tested pure, or as a test of its 


cementitious power with a mixture of 


pre * * e- 





SPECIFYING 





PORTLAND CEMENTS. 917 


standard sand. In the former the 
cement is not tested as a cement but as 
an artificial stone, and when tested in 
this manner experience has shown that 
a coarse ground cement will give higher 
results than a fine ground cement, while 
when mixed with standard sand and 
tested as a cement higher values of 
strength are obtained from the finer 
cements. 

In any series of tests, a uniformity of 
result indicates a sound cement; great 
variations being objectionable. 

In 1858 it was considered that a 
thoroughly sound Portland cement had 
been produced if a tensile strength of 
177 lbs. per sq. in. was obtained after 
seven days. Little consideration was 
then given of the percentage of increase 
of strength during induration. The 
general conclusion as indicated by early 
specifications would appear to be that 
without weight a cement of great 
strength could not be obtained. 

The specification of the Standards 
Committee relating to cement requires, 
that the test briquette shall withstand on 
an average not less than 400 lbs. per sq. in. 
after seven daysand 500 lbs. persq. in after 
twenty-eight days. The percentage of 
increase from seven to twenty-eight days 
being not less than 25 per cent. when 
seven days test falls between 400 and 
450 lbs. per sq. in.; 20 per cent. when 
seven days test falls between 450 and 
500 lbs. per sq. in. ; 15 per 
cent. when seven days 
test falls between 500 and 
550 lbs. per sq. in. ; 10 per 
cent. when seven days test 
falls between 550 lbs. and 
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upwards. 

In the construction of 
works where cement is 
used in considerable 
quantities, and on the 





soundness of which de- 
pends the strength of the 
structure, numerous bri- 
quettes are usualiy made 











and tested systematically 
for tensile strength. 

Fig. 2 shows, diagram- 
matically, the results of 
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such tests carried on through- 
out twelve months. 

The cement shows a high 
tensile strength, pointing to 


an excess of lime, and increas- = 
ing 14°3 per cent. in strength 
from seven to twenty-eight — 
days. 

In another series of six tests wets 
the result of a seven days test 
showed an average strength ad 
of 486°7 lbs. per sq. in., the 
greatest range of ultimate ~ 


strength being 10°6 per cent., 

while the fourteen days test ve 
for the same cement gave an 

average on six briquettes of 

550°2 lbs. per sq. in. witha 

range of strength of 15 per 

cent. while the twenty-seven days test 
gave an average of 659°4 lbs. per sq. in., 
with a range of ultimate 
5°4 per cent. 

The resistance curve of these tests is 
shown in Fig. 3, also the strength of the 
same cement tested as a mortar consist- 
ing of one part of cement to three parts 
of standard sand. 

In the preparation of the test bri- 
quettes care should be observed to en- 
sure the whole operation of mixing and 
filling the moulds being confined to ten 
minutes. In order to accomplish this 
the mixing of material and filling of two 
moulds will be found sufficient for one 
operation. 

The reliability and value of mortar 
tests rests exclusively on the sand used, 
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and the sand which has commonly been 
adopted as a standard, consists of silica 
sand which will pass through a 400-mesh 
sieve and be retained by a goo-mesh 
sieve. 

To make up two. standard test 
briquettes of three parts sand to one part 
cement, 74 ozs. of standard sand and 
24 ozs. of cement will be found sufficient 
and will give a result slightly in favour 
of the cement, as against measuring in 
bulk, the specific gravity of cement 
being less than that of sand. After the 
sand and cement have been thoroughly 
mixed together dry, 64 to 74 drams of 
water should be added, according to the 
climatic conditions obtaining at the time. 
After thoroughly mixing again the mix- 
ture should be placed in the moulds in 
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three or four layers and carefully and 
uniformly rammed with wooden ram- 
mer and hammer. The briquettes 
should then be left undisturbed for 
twenty-four hours, after which they 
should be placed in water, the greatest 
care being observed not to subject them 
to any shock until required for testing. 

The results of a series of tests extend- 
ing over a period two years, on mortar 
consisting of three parts standard sand 
and one part English Portiand cement, 
made as explained above, are shown 
in Fig. 4, the percentage increase of 
strength from seven to thirty-one days 
being 46, from thirty-one days to six 
months 49 per cent., from six to twelve 
months 15 per cent., and from one year 
to two years 13 per cent. 

The miscellaneous uses to which Port- 
land cement is applicable requires that 
its properties should be capable of 
modification to comply with a variety 
of conditions, without destroying its 
fundamental and valuable characteristics. 
As the factor upon which the soundness 
of many engineering works—in which 
cement is largely used—-depends is the 
rate of setting of the cement, it is impera- 
tive that cements should be obtainable 
with a wide range of time of setting. 

The Engineering Standards Com- 
mittee have adopted a classification of 
cements, relative to their time of setting, 
of three distinct gradations, designated 
as ‘‘quick,” “medium,” and “slow.” 
‘* Quick ’’ embraces all cements which 
set in not less than ten minutes nor 
more than thirty minutes; “ Medium” 
cements set in not less than thirty 
minutes nor more than two _ hours; 
‘* Slow ”’ cement shall not set in less than 
two hours nor more than five hours. 

The rate of setting is tested by the 
gradual application to the surface of a 
pat of cement of an apparatus consisting 
of a rod weighted by the fixture thereon, 
of a sphere of brass and terminated bya 


“needle” ;'; in. square, the whole 


weighing 24 lbs. The cement is con- 
sidered set when the needle fails to 
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make an impression on the surface of 
the cement pat. 

Soundness—A cement is considered 
sound, if, after it has set and remained 
for a certain period under conditions 
similar to its permanent situation, it 
exhibits no indication of expanding, 
warping, cracking or blowing. 

Cements are tested for soundness by 
preparing, on glass plates, small pats of 
cement or mortar about 34 in. in dia- 
meter, } in. thick and as thin as possible 
at the edges. Twenty-four hours after 
preparation the pats should be placed 
in water (sea water for marine works), 
and after remaining immersed for twenty- 
seven days should show none of the 
above signs of unsoundness. 

When the Le Chatelier test is applied 
to ascertain the soundness of cements 
the apparatus should not indicate a 
greater expansion after twenty-four 
hours’ aeration than twelve millimetres, 
or six millimetres after seven days’ 
aeration. 

Thus there has been developed in 
specifying and testing Portland cements 
a certain procedure which at once 
indicates the points of weakness in 
manufacture and the lines along which 
future improvements will probably pro- 
ceed, and it is impossible that any cause 
which will retard this progress, which is 
but an aggregation of individual enter- 
prise, can be accepted by those who 
appreciate what still remains to be done 
towards realising an ideal cement. 

It was for this reason that fears were 
entertained in some quarters that a 
standard specification would tend to 
produce an unquestioning level of intelli- 
gent specification which would become 
general; but the Standard Specification 
is so drawn up that, while it leaves the 
van open to advance, it methodically 
consolidates our present knowledge and 
requirements, and if all cement is in 
future manufactured to comply with this 
specification the Engineering Standards 
Committee have accomplished a great 
service of wide importance. 
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NOTWITHSTANDING the excellent re- 
cords presented by the low-level electric 
railways of London, it would be unwise 
to disregard the lessons to be learned 
from two accidents which have taken 
place within the last few weeks on the 
New York Rapid Transit Subway. The 
first of these mishaps was a collision, 
in which a timber-built car was com- 
pletely crushed between two steel cars 
in the same train, the latter vehicles 
being practically uninjured. Thesecond 
accident, although unimportant in itself, 
serves to demonstrate how easily a train 
may be set on fire by short circuiting if 
one of the cars should be derailed. In 
this case, five cars with copper-sheathed 
timber bodies were completely destroyed, 
while two steel cars in the same train 
were not perceptibly damaged. The 
third rail is a very obvious source of 
danger in certain contingencies, and, in 
the interests of the travelling public, 
ought to be superseded by a safer 
method of conduction. As for the cars, 
it is clear that steel bodies ought to be 
insisted upon, being immeasurably safer 
than timber bodies against damage by 
collision and by fire. 





Numerous formule have been pub- 
lished by British, American and Con- 
tinental engineers for determining the 
proportions of concrete-steel beams. 
Some of these rules involve the use of 
the calculus, most of them are compli- 
cated, and all give results that differ to 
an appreciable degree. The confusion 
thus confronting the designer clearly 
tends to discourage the employment of 
the new material by engineers. With 
the object of simplifying the process of 
calculation, several empirical formule 
have been introduced, but these are not 
so serviceable as could be desired, be- 
cause they merely assist the user to 
determine the value of the moment of 
resistance for a beam of assumed pro- 
portions. This is reversing the order 
of things which prevails in daily practice, 








where the object is to find the pro- 
portions of a beam from other essential 
factors. On another page we publish a 
series of simple rules which ought to be 
generally appreciated, for by their aid 
the required areas of concrete and steel 
reinforcement can be determined for any 
rectangular beam, if the load and span 
are known and if the length of the arm 
of the internal forces be settled to suit 
the convenience of the designer. 

In a recent communication to the 
Engineers’ Club of Philadelphia, Mr. 
Joseph T. Richards, chief engineer of 
maintenance of way to the Pennsyl- 
vania Railroad, discusses the design 
and operation of a modern freight yard, 
and gives as an example the plan of a 
yard designed by him for the Washing- 
ton Southern Railway. The function 
of this yard is to pass through cars 
en voute within the least possible time, 
the processes to be gone through being 
the change of engines, the classification 
of trucks, and the making up of fresh 
trains. The yard illustrated and de- 
scribed in this paper seems to be of 
most suitable design for the require- 
ments of long trunk lines, and the 
author states that the time required to 
pass a train of eighty wagons. through 
the yard, from the arrival to the depar- 
ture tracks, should not exceed from two 
to three hours. This plan will be found 
of interest by many of our readers, and 
we may particularly direct attention to 
the arrangements for the inspection, 
cleaning, coaling and watering of loco- 
motives in the most expeditious manner. 

Some practical tests by Professor 
Carpenter at Cornell University are 
valuable as throwing light upon the 
effects obtainable by a new method of 
treating leather belts so as to fit them 
for transmitting a maximum amount of 
power with a minimum of initial tension. 
For the purpose of the tests two 4-in. 
single belts were used, one treated by 
the process, and the other in the condi- 
tion supplied by the maker. The trials 
were conducted with initial tension 
varying from 82°5lb. down to 5 1b. per 























belt. In the former case the output 
per inch of width was to h.-p. for the 
untreated belt and 12°66 h.-p. for the 
treated belt, and in the latter the out- 
put was o for the untreated belt and 
13°4h.-p. for the treated belt. Taking 
next the initial tension of 30 lb. as fairly 
representative of that obtaining in prac- 
tice, we find that the outputs per inch 
of width were 6°2 h.-p. and g:2 h.-p. 
respectively for the two belts. Hence 
it becomes evident that a treated belt 
run quite slack is capable of transmit- 
ting more than double the power trans 
mitted by an ordinary belt tightly laced 
up. So faras we are aware, the method 
of treatment forming the subject of the 
investigation by Professor Carpenter 
has not yet been adopted in this country, 
but the important results here stated 
show that it promises very consider- 
able savings to all users of belt-driven 
machinery. 


Since the application of an induction 
coil in the circuit, obviating the tendency 
of the mercury vapour lamp to go out 
at frequent pericds, the only objection 
to this means of illumination is its 
peculiar colour. Still, the fact is that 
the light possesses all the elements that 
make it desirable for those who desire 
to see, rather than to be seen. It lacks 
the red rays which are more tiring and 
harmful to the eye than any other, and 
is well adapted for manufactories, draw- 
ing offices, photographic studios, and 
commercial offices. <A typical installa- 
tion in New York serves to suggest the 
usefulness of the mercury apparatus in 
electricity stations. The example to 
which we refer is in the accumulator 
hall of the New York Transportation 
Company. This room, measuring 302 ft. 
long by 42 ft. wide by 20 ft. high, was 
formerly illuminated by fourteen five- 
ampere arc lamps, but the lighting was 
inadequate, and the fumes from the 
storage cells interfered so considerably 
with the operation of the lamps that 
it became necessary to remove the 
mechanism from the hood of the lamps 
and to fix it under separate covers. 
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Subsequently, ten mercury vapour lamps 
were substituted, with the results that 
all trouble was eliminated, and the 
consumption of current was reduced to 
one-half the amount previously required. 
According to tests made in Paris with 
gasolene, kerosene, and go per cent. 
alcohol, it appears that the power output 
of the last-mentioned was nearly 20 per 
cent. greater than that of gasolene, while 
kerosene showed an advantage of about 
12°5 per cent. The actual economy 
of power production naturally depends 
upon the cost of the fuel, but in view of 
the proposals made to remove the restric- 
tions hitherto preventing the manufac- 
ture and application of alcohol for 
power purposes, it is probable that this 
form of fuel will come into very general 
use, especially for motor cars. In that 
event, the country will benefit by the 
extension of a British industry, and the 
public using the highways will not suffer 
as at present from the malodorous fumes 
left by every passing motor vehicle. 
Notwithstanding the satisfactory 
appearance of the accounts published 
relative to the electric tramway under- 
takings in a few cities and large towns, 
it may be doubted whether the results 
are really so advantageous to the rate- 
payers as might be inferred from casual 
inspection of the balance sheets. So far 
as concerns the majority of municipal 
tramways it is evident, in spite of the 
most favourable treatment accorded by 
the authorities who prepare the accounts, 
that no profits are being made in aid of 
the rates. Even the avowed advocates 
of municipal trading are beginning to 
recognise the fact that tramway enter- 
prise is of too speculative a character to 
be undertaken by public authorities. 
The development of motor traffic has 
brought the public face to face with the 
probability that the tramway system 
may be superseded, in progress of time, 
by services of well-appointed vehicles 
each carrying its own source of motive 
power, and capable of running on any 
streets and roads without the necessity 
of costly tracks. Should this probability 
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become a realised fact, the vast sums 
sunk in permanent way construction 
will be irretrievably lost, and easy-going 
ratepayers will find out too late that the 
heavy burdens they have allowed to be 
hung round their necks in the hope of 
future benefit have been borne in vain. 
Money already squandered cannot be 
recalled, but there is yet time to veto 
further reckless expenditure in the 
direction to which we refer. 





Second only in importance to the 
completion of the irrigation system in 
Egypt proper, and the inauguration of 
similar works in the Soudan, is the 
necessity for improving and extending 
the Egyptian State railways. As the 
result of their studies, the Commission 
appointed to inquire into the administra- 
tion of the railway system have come 
to the unanimous conclusion that the 
existing scheme of organisation is 
entirely unsatisfactory, and that the 
supreme control ought to be vested in 
an official with powers akin to those of 
a general manager in this country and 
responsible to a State Council, repre- 
senting a board of directors. Traffic 
management is found to be inadequate 
owing to the lack of superior officers 
and an excess of the subordinate staff. 
Signalling arrangements are unsatis- 
factory, and the immediate provision 
of new passenger coaches and goods 
wagons is considered to be essential. 
These recommendations will meet with 
general approval, and so also will the 
suggestion that the gap existing between 
Assuan and Wady Halfa should be 
bridged without delay. By linking up 
the Egyptian and Soudanese lines a 
through connection will be established 
from Alexandria to Khartoum, which is 
a most desirable consummation. The 
capital expenditure involved by the 
recommendations of the Commission 
amounts to nearly £3,000,000, a large 
proportion of which will find its way to 
this country if British engineers do not 
allow themselves to be forestalled by 
their Continental rivals. 


An industry which has_ suddenly 


developed and spread to every part of 
the United States is the manufacture 
of cement or concrete blocks for building 
purposes. Some blocks are made solid, 
but hollow blocks are generally used 
with the object of saving cost and 
weight, and of insuring dry and warm 
walls. As the blocks are generally 
made from nine to twelve times the 
size of an ordinary brick, the cost of 
laying is materially reduced. American 
machinists have responded promptly to 
the demand, and are now producing 
moulding machines, by the aid of which 
the blocks can be turned out with great 
rapidity. The face of the block is formed 
at the bottom of the mould, thus enabling 
the operator to use a special mixture of 
material for the outer surface and to 
reproduce ornamental designs without 
extra expenditure. This new develop- 
ment of the cement industry is one that 
ought to be taken up in this country, a 
result that might be achieved by a little 
well directed energy on the part of 
cement manufacturers and makers of 
clayworking and brick machinery. 
We regret to observe that the mag- 
nificent profits made last year by the 
Indian railways have been seized by the 
Finance Minister of the Government. 
This is an extremely foolish act, and 
one that, if made a precedent for future 
years, will indefinitely postpone the 
complete reorganisation and efficient 
development of the railway system. It 
is true that the budget for 1905-6 provides 
for a total expenditure of £8,333,333 on 
lines open, under construction, and pro- 
jected ; but analysis of the figures shows 
that the amount apportioned for rolling 
stock on lines open is less than in the 
year 1903-4, and there is ample evidence 
that the equipment is still very deficient. 
Again, although the Government make 
a great parade of the mileage in course 
of completion and to be undertaken, we 
must set off the fact that the collective 
length of the lines now open in India is 
only about half that which was con- 
sidered to be necessary twenty years 
ago. It will be truly lamentable if the 
railway system of India should become 
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the prey of the Finance Department, as 
the Post Office has become the plaything 
of the Treasury in the Home Country. 





In a previous issue* we described a 
method adopted with some success in 
the United States for rendering concrete 
water-tight by the application of boiled 
linseed oil. ‘The chief objection to the 
use of oil for this purpose is that the 
treatment must be repeated at least once 
and sometimes twice every year. We 
now learn, on the authority of Les 
Travaux Publics, that a new preparation 
known as “Optimus” is capable of 
making concrete roofs or terraces per- 
fectly water-tight for several years if a 
single application be made with due 
care. The composition is similar in 
appearance to volcanic asphalt, from 
which it is said to differ in certain 
important respects, and notably in that 
it will not soften or run, even when 
exposed to considerable heat. Before 
use it has to be melted in a suitable 
furnace, and is then applied by means 
of a brush, care being taken to see that 
the surface of the concrete is perfectly 
dry. We imagine this preparation con- 
sists largely of rock asphalt, but from 
the description given, it appears to be 
very suitable for the treatment of 
concrete, and far more likely to be 
satisfactory than a coat of drying oil. 

In the proceedings of the American 
Society of Civil Engineers for April 
Mr. R. D. Coombs presents a series of 
designs and specifications for round- 
houses, and although not entirely new, 
these may be examined with advantage 
by railway engineers. The most inter- 
esting example is the design in which 
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the whole construction is of concrete- 
steel, with the exception of the monitor- 
roof shown by the author in timber. 
This, of course, is not desirable, espe- 
cially as the smoke-jack passes through 
the timber roof. Reinforced concrete 
is a most suitable material of construc- 
tion for a round-house, where the fumes 
from locomotives are so injurious to 
unprotected steelwork, that, as the 
author says, from ten to fifteen years 
is probably the maximum life of the 
roof. 


Considering the astounding manner 
in which all who have to do with the 
Port of London are still contriving to 
bar the way of progress by the jealous 
distrust which makes co-operation im- 
possible, there is good reason for envying 
the more businesslike, as well as the 
more patriotic methods followed by 
other nations. In the agreement recently 
made by the Belgian Government and 
the municipality of Antwerp we have 
an object-lesson which ought to be taken 
to heart by our own administrative bodies 
from Imperial Parliament downwards. 
While we, the premier maritime nation 
of the world, cannot decide to spend a 
few million pounds for improving our 
greatest port, a little country like Bel- 
gium is going ahead with a project at an 
estimated cost of more than £ 10,000,000 
for improving the docks at Antwerp. 
The works in question involve the con- 
struction of a ship canal 5 miles in 
length and enough new docks and 
quays to increase the accommodation 
to four times the present amount. This 
means still more serious foreign compe- 
tition, and demands immediate action 
on the part of Government with regard 
to the Port of London. 
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Design of Concrete-Steel Beams. 
W. NospLte Twetvetrees, M.I.Mech.E. 


In steel and concrete we have two 
materials, of which the most prominent 
features are, respectively, strength and 
durability. The problem is to effect their 
combination in such manner that they may 
be employed to satisfy the requirements 
of scientific construction. The solution is 
to be looked for in the union of concrete 
and steel in such a way as to produce 
what is practically a new material, posses- 
sing the solidity that characterises masonry 
construction, while ensuring ample stability, 
strength and stiffness. Compliance with 
these conditions is rendered possible by 
combining the materials so as to form what 
is described by the generic term ‘ concrete- 
steel,”’ or reinforced concrete. 

It is well known that the use of concrete 
alone is limited to classes of work where 
high compressive strength is one of the 


chief requirements, as the low tenacity of 


concrete makes it, like cast iron, an ex- 
tremely uneconomical material of construc- 
tion for many purposes. 

Taking, as an example, the case of a 
concrete beam supported at the ends and 
loaded in the centre, we find the upper or 
compression side is capable of supporting 
at least ten times the load that would cause 
failure of the lower or tension side. This 
undesirable unequality of resistance can be 
adjusted by embedding steel so as to take 
the tension encountered in the lower portion 
of the beam, thus permitting the strength 
of the upper part to be fully utilised in sup- 
porting much greater loads than would 
otherwise be possible. 

Adhesion of Concrete to Steel.—Adhesion 


of the concrete to the steel is a matter of 


prime importance, and without it the dis- 
tinctive qualities of concrete-steel could 
not be realised. The high resistance of the 
combination is largely due to the fact that 
the constituent parts adhere so strongly one 


* Abstract of paper read before the Society of Civil 
and Mechanical Engineers, April, 1905. 











to the other that the action is that of a 
homogeneous structure. Adhesion enables 
the concrete to offer resistance against 
sliding along the surface of the steel, and 
thereby facilitates the transference of forces 
from one material to the other. The result 
is uniform behaviour somewhat akin to that 
obtained by the employment of iron or steel 
plates in the ordinary flitch-beam. 

Various experiments have been carried 
out with the object of determining the adhe- 
sion of concrete to steel. 

Dr. Ritter states the value to be from 
568 lb. to 668 lb. per sq. in., and similar 
values are given by Professor Bauschinger. 

lhe general practice of engineers on the 
Continent and in the United States is to 
adopt 570 lb. per sq. in. as the basis of 
calculation, but this is too high a value for 
plain rods or bars. 

Function of the Reinforcement. — The 
primary function of the steel used as rein- 
forcement is to resist tensile stress. It has 
also to resist shearing stress, and some- 
times compressive stress. But an important 
function of the reinforcement is to insure 
the thorough distribution of strain in every 
part of the concrete in which it is embedded, 
thus preventing the concentration of strain 
and consequent rupture at any point where 
there may be an element of weakness. 

Methods of Calculation.—Although it is the 
fact that concrete acquires greatly increased 
strength when combined with steel, a very 
usual practice is to allow nothing for the 
value of the concrete in the tension area of 
a beam, so far as concerns resistance to 
flexure. 

The position of the neutral axis ina beam 
of simple concrete is affected by the fact 
that the compressive strength of the material 
is greater than its tensile strength, and as 
stress increases, the neutral axis moves 
away from the axis through the centre of 
gravity of the section. 

Taking 10 : 1 asthe ratio representing 
the compressive and tensile strength of 
concrete, it can be demonstrated by mathe- 
matics that the proportionate depths of the 
compression and tension areas in a rectan- 























gular beam of simple concrete will be about 
one-fourth and three-fourths of the depth 
of the beam, respectively. 

By adding steel in the tension area to 
such an extent as to make the resistance of 
steel + concrete ten times greater than the 
resistance of concrete in the compression 
area, we should get the converse of the 
previous condition. 

In one case the neutral axis would be 
near the top of the beam, and in the other 
near the bottom. Between these extremes 
any required variation may be effected by 
adjusting the relative resistance of the 
inaterials in the compression and tension 
areas. Thus the position of the neutral 
axis in a concrete-steel beam depends upon 
the proportions of concrete and steel, and 
upon the disposition of the steel with respect 
to the neutral axis. 

The height of the neutral axis may be 
calculated for any beam after these details 
have been settled, and the proportions of 
concrete and steel may be adapted to any 
chosen position for the neutral axis. 

The ordinary rule f=? W/+bd?, for de- 
termining the stress in solid rectangular 
beams under uniformly distributed load 
does not differentiate between stress at the 
upper and lower fibres, and it follows that 
the results thereby obtained can only apply 
to the case of beams in which the neutral 
axis passes through the centre of gravity of 
the section. 

When dealing with beams of concrete- 
steel, where in addition to the effects of 
differences in the resistance of concrete to 
tension and compression we have to con- 
sider the effects due to the quantity and 
disposition of the steel, the formula is 
absolutely useless, and some alternative 
method of calculation becomes necessary. 

Formule derived from Beam Equations.— 
The bending moment (M) developed in any 
beam must always be resisted and held in 
equilibrium by the moment of resistance (R) 
of the section. Therefore, in every case 
the bending moment must be equal to the 
moment of resistance ; or M = R. 

For a uniformly distributed load on a 
beam, of the length /, supported at each 
end, M = WI+8, and the general expres- 
sion for the moment of resistance is R = f 
I~h. As I=bd°-~12 fora rectangular beam, 
and d = (h+h), we get 


R = fohgh 


where f = extreme fibre stress, at the dis- 
tance ) from the neutral axis; ) = breadth 
of the beam section; and /: = distance of 
the extreme fibres from the neutral axis. 
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Equating the expressions for M and R 
we have 


Wl I (1 
“8 — fohth ) 
Whence f= _ (2) 
5° 3bh* 
and W 53 Me sae 


Formula (2) gives the extreme fibre stress 
at the top or bottom of a rectangular beam, 
but in the case of a steel bar used as rein- 
forcement in the tension area, the resistance 
of the concrete is usually neglected, and the 
stress is regarded as being concentrated at 
the centre of the bar. By eliminating the 
quantity bh from formule (2) and (3), and 
using F = total stress instead of f = inten- 
sity of extreme fibre stress, we should get 


i= " 
5°37 
53 Fh 
and for theload W = = F s 6 « » 0) 


But as the intensity of stress in a beam 
diminishes progressively from the extreme 
fibres towards the neutral axis, where its 
value = o, the mean unit stress is (f+o) 
+2=4/. Hence formula (4) gives double 
the correct value for the total stress F. and 
formula (5) gives half the correct value for 
the corresponding load W. Therefore the 
equations must be modified as below. 

Denoting total tensile stress, considered 
to be concentrated at the centre of the 
reinforcement, by the symbol F,”, and the 
distance from the neutral axis to the bottom 
surface by the symbol /:,, we have 


’ Wil - 
F ‘ } Th 5 egy (5) 
bE 
53 Ff, 
and tor the load W = ~ j ‘ ‘fs. 2 


If reinforcement be used in the compres- 
sion area of a beam the total stress on the 
steel can be determined by the rule 


(W- WwW’) 


F" =} (8) 

F ae 

a3: 
where F”-= total compression stress on the 
steel, W’ = calculated proportion of load 


carried by the concrete, and /1, = height of 
the compression area. 

It is often the case that the centre of the 
reinforcement is not placed at the same dis- 
tance from the neutral axis of the section as 
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the theoretical centre of pressure of the 
tension stress area. For use under such 
circumstances, formula (6) must be modified 
by substituting the value of the actual dis- 
tance between the centre of the reinforce- 
ment and the neutral axis. 

: wi 

Thus at bgt =~ 9) 

y 

Here « is the distance between the centre 
of the reinforcement and the bottom of the 
beam. 

Total stress on the reinforcement in the 
compression area at any distance from the 
neutral axis other than 4/,, must be calcu- 
lated by a modification of formula (8). 
Thus 

W Wl 


F 8 (hi. aa ~~ « x ee 
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where x is the distance between the centre 
of the reinforcement and the top of the 
beam. 

When the height of the compression area 
(without reinforcement) is known, the width 
of concrete section can be found for any load 
and span by an equation derived from 
formula (1). 

Thus, denoting compressive fibre stress in 
the concrete by f’, and the distance from 
the neutral axis to the top surface byh,, we 
have 

b - as 
53 f Oy 

The foregoing rules assume the depth, 
load and span of the beam to be definitely 
fixed, and the height of the neutral axis to 
be known. In such cases they can be used 
to find the required areas of steel and con- 
crete to comply with the stated conditions. 
But it is easy to derive equations equally 
available for determining the proportions of 
a beam to suit any load and span if the 
essential factors are known. 

For instance, to calculate the height of 
the compression area from the load, span, 
and width of the section, and the unit stress 
of the concrete, we get from formula (1). 


h =? wi Lor h, =, A Wi rn 

53 of \ 53 bf, oP _ 

If the compression area isto be square in 
section we have 

Pa itn 2 


53/ 


° Wi 
or b onl, i, ae 


In the tension area, the required distance 
of the reinforcement from the neutral axis 
will depend upon the area of steel used ; 
and, conversely, the area of steel will be 
governed by its distance from the neutral 
axis. 

Denoting this distance by the symbol h., 
we can determine the required value for 
any case by a modification of formula (9). 


Thus h_ } a 
af”, 


wn 


(14) 


Where /,;’=permissible stress per sq. in. 
on steel in tension and a = area of steel in 
square inches. 

To prove the accuracy of calculations 
made by the above formule, the resistance 
of each area may be calculated by a formula 
derived from the expression for the moment 
of resistance. 
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TABLE 1I.—CALCULATED PROPORTIONS OF CONCRETE-STEEL BEAMS. 


(Uniformly Distributed Load, 4,000 lb. Span, roo inches.) 





Dimensions of Cross : 
Section of Beam. Height of neutral Height of Steel N — of Steel. , Area of Steel. 
Fig. Axis above Axis above No allowance made Allowing for 
No. Bottom of Beam. Bottom of Beam. —— re eae Fension in 
b. d oncrete. Concrete, 
in. in. in. in. sq. in. sq. in. 
I 6 12 7 2°33 0°35 — 
I 6 12 7 2°33 — 0°28 
2 6 12 7 2° 0°33 a, 
2 6 12 7 2 os 0°265 
( 9° > ) : 
2 Pp 12 8 2° 0.27 —_ 
(| 4°33 ] : 
9°37* 
3 Bre 12 8 ” — 0°226 
\ 4°33 } 
206 
4 6 12 8 i 0°27 =a 





* Compression area. 


Thus R = F",(h, -— 2) + (f,,bh $4.) . (15) 


The first term of this formula gives the 
resistance of the steel in tension, and the 
second the resistance of the concrete in 
compression. Here /,, mean stress per 
sq. in. on the concrete. 

Table I. gives the width of concrete and 
area of steel as calculated by formule (3) 
(6) (8) (g) (10) and (11) for concrete-steel 
beams 12 in. deep with a clear span of 
100 in., and under a uniformly distributed 
load of 4,000lbs. The heights of the neutral 
axis and the steel axis were assumed, and 
the permissible fibre stresses were taken as 
follows: 

Steel in tension and compression, 15,000 
lb. per sq. in. 

_ Concrete in compression, 500 lb. per sq. 
in. 

Concrete in tension, 50 lb. per sq. in. 


The cross sections of the beams are 
represented in Figs. 1 to 4. 

Table II. gives the height and width of 
the compression area, and the height of the 
tension area as calculated by formule (12) 
(13) and (14) for different areas of steel for 
concrete-steel beams with a clear span of 
100 in., and under a uniformly distributed 
load of 4,000 lbs. The permissible fibre 
stresses have been taken at the same values 
as for Table I. 

Fig. 5 shows various cross sections of 
beams based on the dimensions, stated in 
columns 7 to 14 of Table II. 

It will be understood that the width of 
the tension area need not necessarily be the 
full width of the compression area, the chief 
point for consideration being the provision 
of ample width. 

Shearing Stresses.—The formule hitherto 
discussed are based on the assumption that 


TABLE II.—CALCULATED PROPORTIONS OF CONCRETE-STEEL BEAMS. 


(Uniformly Distributed Load, 4,000 Ib. Span, 100 inches.) 





Compression Tension Area, height for Dimensions of Beam (b. x d.) for Areas of Steel 
Area. Areas of Steel stated below. stated below. 

, 3 1 sq. in. } sq. in. 4 in. } sq. in. 

= 6 I Sq 3 sq sq s Sq. 

zc A in. in. in in. 

> = b. d b d b. d b d 

P . . . ' 

in in. in in in in. in. in. in. in. in. in. in. in. 
10 387 ) (| 10° 7°53 10° 809 | 10° 9°20 | 10° 10°87 
6° 5 3°66 4°22 5°33 70 6° 8°66 or g°22 6 10°33 o 12°00 


53 | 53) (| 5°31 


8°97 531 9°55 5°31 | 10°64 5°31 | 12°31 
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the spacing of the bars may 
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be increased. The tension on 


























diagonal planes in a beam can 
be calculated in a manner simi- 
lar to that adopted in connection 
with the design of braced steel 
girders, and not be discussed in 
detail. 

Floor Design. — A_ concrete 
steel floor system can be readily 
evolved from a_ collection of 
simple beam forms. 

In the first place let us con- 
sider a beam in which the rein- 
forcement in tension is such that, 
for the proper balancing of resist- 
ance, the concrete in compres- 
sion must be extended in the 











if sufficient steel be employed for resisting 
bending moments, shearing stresses may 
safely be left tothe concrete. Nodoubt the 
concrete is perfectly capable of taking 
shearing stresses up to a certain limit, with- 
in which the safety of the beam may be 
fully assured, but greater strength is attain- 
able by more complete conformity with 
theoretical requirements 

As the state of simple shear is one in 
which there are two principal stresses only, 
giving rise to a stress that is wholly tangen- 
tial on any two planesinclined at 45 degrees 
to the axes of principal stress, and that is 
equal in intensity to the intensity of either 
of the principal stresses, it is evident that 
the reinforcement used for resisting shearing 
stresses should be perpendicular to the 
planes subject to normal stress. Further, 
as shearing stress in a beam, under a uni- 
formly distributed load attains its maximum 
value at the supports and decreases in value 
towards the centre, the dimensions of the 
reinforcement may be diminished progres- 
sively towards the centre or alternatively, 





° $ re] ro) 20 2 
FIG. 7.—LENGTH OF SPAN IN FEET. 








form of a wide flange, giving a 
T-shape to the cross-section of 
the beam. 

A little consideration will show that a very 
wide upper flange, whether of concrete 
alone, or of concrete with longitudinal rods, 
would be weak laterally, and might tend to 
crack or to break off from the main body of 
the beam. Hence, transverse reinforcement 
could be added with advantage. 

The resulting beam would consequently 
be of T-section with longitudinal reinforce- 
ment near the bottom and a network of rods 
placed longitudinally and transversely, near 
the top. 

It is evident, then, that the general pro- 
portions of the beam and the width of the 
compression flange can be varied at pleasure 
for a given load by corresponding adjust- 
ment of the reinforcement. The latitude so 
given is of considerable value in the design 
of flooring systems. 

Let us take one floor panel, in which the 
main girders are 8 ft. apart, and the trans- 
verse girders, or joists, are 4 ft. apart. 

We assume that, by suitable adjustment 
of the reinforcement, the compression flanges 
of the main girders have been made 4 ft. 
wide and say, 4 in. thick. Then, between 
the centres of two consecutive girders, 
spaced 8 ft. apart, there will be an interval 
of only 4 ft., as each of the compression 
flanges projects 2 ft. 

Similarly, it is assumed that the top 
flanges of the joists are made 2 ft. wide. 
Consequently the interval between succes- 
sive joists will only be 2 ft., as the compres- 
sion flanges of the joists account for the 
other 2 ft. of the distance. 

As shown in Fig. 6, the general result is 
that the assumed floor panel is complete, 
with the exception of a series of rectangular 
spaces, such as those represented by the 
shaded areas in the diagram, each space 























measuring 4 ft. by 2 ft. These spaces can 
be filled in with concrete 4 in. thick, and the 
floor is thereby finished. 

It will be understood that in practice the 
spaces would be closed concurrently with 
the formation of the top flanges of the gir- 
ders and joists. Practically, therefore, 

_the whole of the floor slab forms the com- 
pression flange of the connected system of 
beams. 

Further, assuming the top flanges to be 
reinforced by longitudinal and transverse 
rods, it is a natural step to conclude that 
all these rods should be laid continuously 
from end to end of the span, and from side 
to side in the width of each panel. 

The additional cost of the metal would 
be quite inconsiderable, and the cost of 
labour would probably be reduced because 
the rods would not have to be cut, and the 
number of separate pieces would be smaller. 
These rods would then occur at predeter- 
mined intervals in the flanges of the girders 
and joists, and would also continue acrossthe 
concrete filling the parts of the floor system 
not covered by the previously defined widths 
of the flanges. 

Here we have an additional feature of 
strength due to the reinforcement of the 
whole of the floor slab by steel rods running 
in two directions, and thus binding the con- 
struction still more firmly together. 

It will be seen that in a floor designed in 
the manner here outlined, each of the joists 
acts as a stiffener for the flanges of the ad- 
joining girders, and that the entire struc- 
ture is so interconnected that an exact 
calculation of its strength is practically im- 
possible. 

But we have a further element of strength 
arising from the action of the various spans 
after the manner of continuous beams. 

Again, interior arching effect, due to the 
action of adjoining floor pannels, adds 
about one-third to the area of the compres- 
sive stress diagram, the additional compres- 
sion being taken up by adjoining floor 
panels, instead of by the reinforcement. 

Something may also be allowed for the 
arching effect produced by a uniformly dis- 
tributed load. It must be borne in mind, 
however, that no allowance for arching 
effect should be made in the case of loads 
that are liable to “ fiow”” like corn and other 
loose materials. 

The arching action necessarily varies 
with the reflection and with the details of 
design, but the result of practical experience 
is to show that the increased resistance 
thereby given to a span of 4 ft. may be 
generally stated at 50 per cent. 

Fig. 7 is a diagram prepared by Mr. A. L. 
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Johnson, and reproduced from the Pro- 
ceedings of the American Society of Civil 
Engineers. From this the percentage for 
a span of any length up to 25 ft. can be 
read off. 

We now have the following simple method 
of determining the proportions of beams 
used in floor construction : 

1. Calculate the values of the moments 
of resistance by the rule previously stated 
for simple beams. 

2. Double the values so obtained, to 
allow for continuous girder action and the 
arching action of adjoining floor panels. 

Add a percentage from Fig. 7 correspond- 
ing with the length of span to allow for 
arching effect caused by a uniformly dis- 
tributed load. 

Typical Forms of Beam Design.— The 
simplest possible form for a supported con- 
crete-steel beam is one having horizontal 
reinforcement consisting of one or more 
bars placed near the bottom of the beam, 
for resisting tensile stress. Compréssive 
and shearing stresses are taken by the 
concrete without assistance. 

In Fig. 8 a similar beam is represented, 
but shearing stress is here resisted wholly 
or in part by vertical ties or stirrups. The 
auxiliary reinforcement can be formed of 
round rods, or of flat strips of steel, as may 
be preferred. 

In Fig. 9 the main reinforcement is the 
same as before, but the auxiliary reinforce- 
ment is placed diagonally, for reasons that 
have been discussed before. 

In Fig. to we have a suggested method 
of applying expanded metal for taking 
stresses arising from shear. The metal can 
be applied in the form of separate sheets. 
the lower edges wrapped round the outer 
rod of the reinforcement on each side of 
the beam, or in the form of a trough, the 
bottom of which would lie under the longi- 
tudinal reinforcing rods. In the latter 
arrangement a considerable part of the 
tension due to bending moment would be 
carried by the expanded metal. The main 
reinforcement is disposed similarly to that 
in previous examples. 

In large beams, where the amount of 
metal might form a considerable item of 
expenditure, the proper course for adoption 
would be to employ two or more troughs 
of varying length and fitted one inside the 
other, so as to give the required graduation 
of resisting power, somewhat after the 
manner in which engineers graduate the 
plates of a built up girder. 

In Fig. 11 the beam is designed on the 
principle of the ‘‘ Warren” girder. Both 
the top and the bottom flanges are rein- 
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forced, the latter with more metal than the 
former; the diagonal web members in ten- 
sion are reinforced, but the diagonals in 
compression rely upon the concrete for the 
necessary resistance. This beam is a 
framed structure, consisting of clearly de- 
fined flanges and diagonals as shown in 
the drawing. 

In Fig. 12 is shown another type of 
framed beam designed on the principle of 
the Linville truss, and it should be noted 
that the spacing of the tension members of 
the web is one half that of similar members 
in the “ Warren ” type. 

In Fig. 13 we have longitudinal hori- 
zontal reinforcement, consisting of one or 
more bars near the bottom of the beam, 
and additional reinforcement consisting of 
one or more bars bent in an upward direc- 
tion near the supports. The _ horizontal 
part of the latter reinforceinent is shown 
above the first mentioned bars for the sake 
of clearness, but in practice it is usually 
situated in the same horizontal plane. The 
concrete, acting in conjunction with the 
steel bars, practically forms a trapezoidal 
or queen-post truss. This type of construc- 
tion is most suitable for beam with fixed 
ends and for continuous beams. 

In Fig. 14 we approach another method 
of reinforcing concrete beams, in which 
the reinforcement is shown bent into a 
curve similar to that forming one boundary 
of the bending moment diagram of a sup- 
ported beam under a uniformly distributed 
load. Although theoretically correct so 
far as bending moment is concerned, this 
arrangement does not lend itself conve- 
niently to the application of ties for resist- 
ing shearing stress, and in practice: it will 
be found to involve more expense and 
trouble than the use of other forms of rein- 
forcement. 

In Fig. 15 the last mentioned system is 
shown in connection with a beam having 
its ends firmly fixed in the walls of a 
building. 

In Fig. 16 is shown another system of 
reinforcement, providing in a very simple 
manner for the incidence of tensile stress 
in a beam fixed at the ends, and although 
this mode of treatment does not conform 
so closely with theoretical requirements as 
the method described above, it can be 
applied easily and cheaply. 

In Fig. 17 we have part of a continuous 
beam, where the conditions generally re- 
semble those in a beam with fixed ends, 
and in this diagram vertical reinforcement 
is shown in the supports, connected to the 
bent ends of the bars, serving to resist ten- 
sion up to the points of contrary flexure 





























and afterwards in the central portion of 
the beam. 

A further modification of design is sug- 
gested by the application of the tubular 
system to beam construction. In this way 
the usefulness of a specified quantity of 
concrete can be increased, or for a speci- 
fied duty the quantity of concrete can be 
reduced. 

The area of concrete removed, below the 
neutral axis, would have been of compara- 
tively little value for resisting tension, and 
if, as usual, the tensile strength of concrete 
is not taken into account, the theoretical 
loss is nothing. 


> 


Water Hammer. 


THE question of water hammer or 
hydraulic shock caused by stopping the 
flow in a water pipe is of great practical 
importance, as such shocks frequently cause 
the pipe to burst. Water hammer has been 
well defined as follows: ** When a liquid 
is flowing through a pipe there is a certain 
amount of energy in the liquid, and if you 
stop the flow this energy must be used in 
some way. Ifthe liquid is incompressible 
and you stop the flow suddenly, the energy of 
the liquid is used up in doing work on the 
pipe by stretching it or increasing its diame- 
ter. If the liquid is compressible the energy 
of the liquid is used up in compressing the 
liquid and stretching the pipe. Nearly all 
bursting of pipes is due to a sudden check- 
ing of the velocity of or to the freezing of 
the liquid.” 

Although the phenomenon has long been 
known, its nature has not been thoroughly 
understood or explained until recently. 
Previous explanations were little better 
than guesses, and the effects upon the pipe 
could neither be foreseen nor avoided. Ex- 
periments upon a sufficient scale have been 
lacking, and up to as late as 1897 and 1898, 
when the subject was taken up by the 
American Society of Civil Engineers, the 
results of the discussion went to show that 
existing data were insufficient and _ that 
more experiments were necessary. Since 
that time more satisfactory experiments 
have been made in connection with a 
general mathematical study of the problem, 
and formule governing the phenomenon have 
been established and experimentally proved 
to be correct. The experiments referred to 
were carried out upon a large scalein Moscow 
as a result of the establishment of the new 
waterworks in that town, when the question 


G. M. Peck, Trans. Am. Soc. M.E., Vol. XXI. 
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came up as to the velocities which could be 
safely allowed in water pipes of small 
diameter. They were carried out during 
1897-98 under the charge of Professor 
Joukovsky, of the Moscow University and 
the Moscow Imperial Technical Institute, 
who issued a report which has subsequently 
been dealt with in a paper by Mr. O. 
Simon, presented to the American Water 
Works Association.* Professor Joukovsky 
gives a complete analytical explanation of 
the phenomenon of water hammer in all its 
phases. His method of reasoning is purely 
mathematical and deductive. Starting from 
a general differential equation given by 
Riemann, Joukovsky explains all cases of 
water hammer by the transmission of a 
pressure wave in the water pipe and by its 
reflection from the ends of the pipe. In 
the analytical determination of the velocity 
of transmission of this pressure wave, he 
deduces a formula which fully agrees with 
that given by Korteveg, of Leyden (1878), 
for the transmission of sound in an elastic 
pipe filled with a compressible liquid. 
Joukovsky showed that Korteveg’s formula 
applies to water hammer in pipes. In cases 
of water hammer a very rapid oscillation of 
pressure results, the pressure rising above 
the normal, then falling below the normal 
and again rising, and so on, the amplitude 
of the vibrations gradually diminishing until 
the normal pressure is again established. 
In his experiments Joukovsky used Crosby 
indicators, each with a very rapidly moving 
ribbon of paper upon which pressure dia- 
grams on a large scale were traced giving a 
detailed record of the pressure oscillations. 
These diagrams show that the time from the 
beginning of the rise of pressure above the 
normal to the beginning of the fall below 
the normal is the same for all points of the 
same pipe. He found that this time is equal 
to that required for the wave with velocity 
A calculated theoretically and verified ex- 
perimentally to travel from the gate to the 
origin and back. At the gate the transition 
from supernormal to subnormal pressure, 
or vice versa, is not interrupted by any period 
of normal pressure, but at all other points 
in the pipe such periods of normal pressure 
intervene resulting in the diagrams being 
stepped. The formula for the velocity A of 
propagation for the pressure wave, as 
deduced by Joukovsky, is as follows ; 
A= : = : : 
/ y  2oy / Po , 2 Ro po 
V ie + ee VE + 


Proc. 1904, pp. 341—-420. 
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where 
2 Ry = the diameter of the pipe. 
e = the thickness of the walls of the pipe. 
E Young's linear modulus of elasticity of the 


material of the pipe. 
unit stress 
unit stretch 
= 1,000,000 kilograms per square centimeter for 
cast Iron. 
1ol° kilograms per square meter for cast iron. 
kK the volumnar modulus of elasticity of water. 
21,000 atmospheres. 
300,000 pounds per square inch. 


Y the weight of a unit of volume of water. 
x the acceleration of gravity. 
Y : . 
po - the density (mass per unit of volume) of 


g 
water. 


As already mentioned, this formula for 
the velocity of the pressure wave fully coin- 
cides with Korteveg’s formula for the 
volocity of sound waves in an elastic pipe 
filled with a compressible liquid. 

Korteveg’s formula is: 


A= Ai» 


»/ AL +A 
where 


Ay the velocity of the sound wave in 
an inelastic pipe filled with a 
compressible liquid. 


This velocity is 


A, = / Kg = / kK 
Y Po 

For water, A; 1,435 meters per second 

4,711 feet per second. 

A, is thé velocity of the pressure wave in 
an elastic pipe filled with an incompressible 
liquid. This velocity, as given by Resal in 
discussing the pulsation of the blood in the 
arteries of animals, is 


Ao == / cE = / ekg 
2 N 2 Ro po NV 2Roy 


Substituting these values of A, and A, in 
the formula of Korteveg, we obtain exactly 
the formula deduced by Joukovsky for the 
velocity of the pressure wave in an elastic 
pipe filled with an elastic liquid. 

Applying this formula, Joukovsky calcu- 
lated the theoretical value of A for the pipes 
used in his experiments, obtaining the 
values given in the following table, in which 
all the steps of the calculation are shown. 

The formule of Joukovsky being entirely 
rational, and not empirical, any system of 
units may be used at pleasure, care being 
taken, of course, to adhere to one and the 
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same system of units throughout any one 
equation. 


TaB_e I, 
Table of Theoretical Calculation of x. 





A Feet per Second. 
Diameter of Thickness of 
the Pipe. Walls of 


Inches. Pipe. Inch. ., Obtained Ex- 
Calculated. perimentally, 

: 43 4424 4375 

4 44 4228 4200 

6 33 4116 4100 

24 33 2996 3313 





Joukovsky also found a formula for the 
maximum additional pressure E produced 
by the closure of the gate which is 

vA 
Ppe=“7Y= VApo. 
where 

v = the extinguished velocity of water in the pipe. 

A = the speed of propagation of the pressure wave in 

the pipe. 

y = the weight of a unit volume of water. 

g = the acceleration of gravity. 


po =~ = mass of unit of volume of water — its density. 
4 


From this formula it will be seen that the 
increased speed of pressure stands in direct 
proportion to the extinguished velocity V 
of flow; that it does not depend upon the 
length of the pipe, and that it is directly 
proportional to the velocity L of propaga- 
tion of the pressure wave, L being expressed 
by the formula given above. This quantity 
depends on the size, thickness, and kind of 
pipe, and on the density and modulus of 
elasticity of the liquid. 

Substituting numerical values in the 
formula 


Joukovsky finds that, for the pipes with 
which he experimented, each foot per 
second of extinguished velocity of flow 
causes an increase cf pressure as given in 
atmospheres in the following table : 


Tasce II 
Theoretical Values of Additional Shock Pressure. 
Pp 
aR h=— = 
Additional Pressure, per Foot 


per Second of Extinguished 
Velocity of Flow, in 


Diameter of Pipes, 
in Inches. 


Atmospheres. 
2 4°066 
4 3°886 
6 3°783 


2°754 




















From this table it will be seen that for 
pipes of small diameters the increase H of 
pressure for each foot of extinguished 
velocity of flow V equals about four 
atmospheres. 

The paper proceeds to deal with the 
experimental proofs of the correctness of 
Joukovsky’s theory, which was obtained as 
follows: 1. The measnrement by means of 
Bourdon manometers of the maximum 
additional shock pressure. 2. The measure- 
ment by means of Marey chronograph of 
the velocity of pressure waves propagation. 
3. The determination from Crosby indicator 
diagrams of the pressure wave velocity and 
of the shock pressure. 

The concluding portion of the paper 
deals with the miscellaneous phenomena 
connected with water hammer, as e.g., 
1. Reflection of the pressure wave from a 
dead end. 2. From an open end. 3. Influ- 
ence of slow closure of the gate. 4. Effici- 
ency of air chambers. 5. Efficiency of 
safety valves. 6. Location of air pockets 
by means of the indicator diagram. 
7. Location of leaks by similar means. 

The paper concludes with a summary 
of the results obtained, which are as follows: 

1. The shock pressure is transmitted 
through the pipe with a constant velocity, 
which seems to be independent of the 
intensity of the shock. This velocity 
depends upon the elasticity of the material 
of the pipes and upon the ratio of the 
thickness of their walls to the diameter. 
Ordinarily, in cast-iron pipes the ratio of 
thickness to diameter decreases somewhat 
with increase of the diameter; hence the 
velocity of the pressure wave is a little less, 
in pipes of large diameters, than in pipes of 
smaller diameters. For pipes of diameters 
fron 2 to 6 in. this velocity is about 
4200 ft. per second; for 24-in. pipes it is 
about 3290 ft. per second. 

The speed of propagation of the pressure 
wave remains the same, whether the shock 
is caused by arresting the flow of a column 
of water moving in a pipe, or by suddenly 
changing the pressure in the column of 
water (flowing or standing) in any part and 
by any other means. 

2. The shock pressure is transmitted 
along the pipe with a constant intensity. 
The shock pressure is proportional to the 
destroyed velocity of flow and to the 
speed of propagation of the pressure wave. 
For ordinary cast-iron pipes, of diameters 
from 2 to 6 in., the increase of pressure, 
for every foot per second of extinguished 
velocity of flow, is about four atmospheres, 
and, for a 24-in. pipe, about three atmo- 
spheres. 
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3. The phenomenon of periodical vibra- 
tion of the shock pressure is completely 
explained by the reflection of the pressure 
wave from the ends of the pipe, i.e., from 
the gate and from the origin. 

4. If the water column continues flowing, 
such flow exerts no noticeable influence 
upon the shock pressure. In a pipe from 
which water is flowing the pressure wave 
is reflected from the open end of the pipe, 
in the same way as from a reservoir with 
constant pressure. 

5. A dangerous increase of shock pressure 
occurs when the pressure wave passes from 
a pipe into another of smaller diameter with 
a dead end. In this case the shock pressure 
is doubled when the wave reaches the dead 
end. Where there are several branches, 
ene from another, this doubling may take 
place several times and these doubled pres- 
sures accumulate, so that, under unfavour- 
able conditions, the pressure may become 
very great. 

6. The simplest method of protecting 
water pipes from water hammer is found in 
the use of slow-closing gates. The duration 
of closure should be proportional to the 
length of the pipe line. Air chambers, of 
adequate size, placed near the valves and 
gates, eliminate almost entirely the hy- 
draulic shock, and do not allow the pressure 
wave to pass through them; but they must 
be very large, and it is difficult to keep them 
supplied with air. Safety valves allow to 
pass through them pressure waves of only 
such intensity as corresponds to the elasticity 
of the springs of the safety valves. 

7. The diagram of the shock pressure 
enables us to determine the location and 
extent of air pockets. They serve also for 
the location of leaks, and generally for a 
study of the condition of the pipe line. 


> 


Measuring Angular Velocity of 
Engines. 


THE tollowing method «will be found 
superior, in many respects, to the well- 
known tuning-fork method for measuring 
the variations in speed during the different 
parts ot a revolution, or cycle, of an engine. 
The method affords an exact determination 
of the distance travelled in certain chosen 
intervals of time by the periphery of the 
fly-wheel of the engine, and therefore 
necessitates the use of a mechanism for 
denoting the distance and for gauging the 
time. 

The essential apparatus* consists of a 


* Electrical World and Engineer, New York. 
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miniature motor which may be run at a 
constant speed of a sufficiently high value 
from any available source of current. The 
motor should be placed with its shaft per- 
pendicular to that of the main engine, as 
shown in Fig. 1. On the motor shaft should 
be fitted a small pulley, indicated as P, to 
which is joined a wiping bristle, B, for the 
purpose of marking off the distances 
travelled by the periphery of the fly-wheel 
during one revolution of the motor. The 
motor should be mounted on a slider, sub- 
stantially as illustrated, with its edges 
parallel to the face of the pulley and 
arranged to move freely in the guides. A 
tracer-of wire, shown as T in Fig. 1, serves 
for making a line, L;, on the chalked surface 
of the pulley when it revolves. This line 
is of assistance in forming a more or less 
regular spiral, upon which the distances 
corresponding to the angular velocities are 
marked off by the wiper on the shaft of the 
motor. 

After the face of the pulley of the engine 
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FIG. 2.—SPEED CURVE OF GAS ENGINES. 





has been thoroughly rubbed with chalk 
and the auxiliary apparatus has _ been 
placed as indicated in the drawing, the 
armature of the motor should be connected 
to a source of current of such a nature 
that it will make one mark on the face of 
the pulley for every six or eight inches of 
periphery of the fly-wheel of the engine. 
When the conditions are proper for a 
record, and the motor is running steadily at 
the desired speed, the slider, S, should be 
moved by hand at such a rate as to obtain 
as many spiral lines as possible across the 
face of the pulley without confusing the 
cross marks, M, made for each revolution 
of the motor. The combinations of the 
spiral line and the cross marks form the 
record of the speed variations of the 
engine. 

When the engine is stationary, a zere 
point with reference to the position of the 
fly-wheel may be found by setting the 
crank accurately on the dead centre and 
moving the slider so that the wire, B, will 
make a mark, D, across the face of the 
pulley. The distances between the con- 
secutive intersections on the spiral line may 
conveniently be plotted as ordinates on 
cross-section paper, with abscisse corre- 
sponding to the number of spaces on the 
spiral line. The ordinates evidently corre- 
spond to the different velocities of the fly- 
wheel at different times, and from these 
ordinates may be calculated the percentage 
variation in speed. 

Messrs. Ryan and Kochendorfer, senior 
electrical engineers at the University of 
Minnesota, have recently applied the above 
method in tests on a number of gas engines 
especially constructed for driving dynamos. 
The curve shown in Fig. 2 was taken by 
them during a test on a direct-connected 
unit, consisting of a four-cycle, single- 
cylinder gas engine and a 125-volt, direct- 
current generator. 

> 


Wind Gauge and Recorder on the 
Furness Railway. 


Ir will be remembered that an extra- 
ordinary accident occurred some time ago 
at the Levens viaduct on the Furness 
Railway. During a violent gale, a train 
standing on the viaduct was actually blown 
over on its side. To avoid the possibility 
of any similar accident occurring in the 
future, an apparatus was installed which 
fulfils the duties of a watchman over the 
weather, and warns the signalman at each 
end of the viaduct if the wind should be 
blowing with a force sufficient to render 


























the passing of a train over the viaduct 
dangerous. The following is a descrip- 
tion of the apparatus as given by The 
Electrician : 

The recorder is mounted in a frame 
built up of steel angles (Fig. 1); on two 
sides of the frame boards are carried on 
hinges and are kept nominally in the 
vertical position by means of springs, 
which are similar in construction to those 
used in ordinary steam engine indicators. 
The strength of the spring is so reckoned 
out in relation to the area of the board that 
a given pressure of so many pounds per 
square foot can be recorded on the paper 
chart which is moved by the clock of the 
recording instrument at the rate of ¢ in. 
per hour. Two pens are fitted—one being 
controlled by each board. If the pressure 
on either board remains constant then the 
pen will continue to draw a straight line, 
but an increase or a decrease of pressure 
will give a deviation of the line at a point 
on the paper corresponding to the time 
that this change of pressure takes place. 
To ensure proper working periodical tests 
are made, and a lever equivalent to 32 lb. 
weight is tried on the gauge each time the 
lineman visits the instrument, so as to 
ascertain that all is in good order. The 
recording instrument was supplied by 
Messrs. Elliott Bros. 

In connection with the recorder is an 
electric bell circuit, so arranged that the 
batteries at the two signal boxes at either 
end of the viaduct are in opposition until 
the pressure of wind blowing at right 
angles to the viaduct rises to 32 lb. per 
square foot, at which pressure contact is 
made at a point marked ‘A’ in Fig. 2. 
The current from both batteries then flows, 
the relay armatures are drawn up, local 
batteries come into play, and the warning 
bells ring and continue to do so as long as 
the force of the wind is dangerous—that is, 
equal to or exceeding 32 lb. pressure per 
square foot. 

Since the erection of the apparatus 
more than 18 months ago, on no occasion 
has the wind exceeded a pressure of 5 lb. 
per square foot. The installation was 
erected by the railway company’s electrical 
engineers, Messrs. J. B. Saunders & Co., of 
Westminster. 


> 


Automobile Compressed Air 
Carpet Cleaning Plant. 


THE accompanying illustration is that of 
a novel form of motor vehicle fitted with 
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a compressed air plant for carpet cleaning 
purposes. It has recently been constructed 
for use in South Wales by Tilghman’s 
Patent Sand Blast Co., Ltd., Broadheath. 
The photograph was taken with the 
panelling removed, to show the disposition 
of the machinery. A Gardner petrol motor, 
rated at 20 B.H.P. at 600 revolutions per 
minute, supplies power for compressing 
110 cubic ft. of free air per minute to a 
pressure of 60 lbs. per sq. in. when 
driving the compressor, or, when propelling 
the vehicle, to develop a minimum speed 
of 3 miles per hour on a gradient of 1 in g. 

The Air Compressor is of the vertical 
double cylinder single-acting type, having 
water-cooled cylinders 9 in. diameter by 
6 in. stroke, and designed to run at 300 
revolutions per minute and to compress 
the quantity of air mentioned above. It is 
driven from the engine crank shaft by 
means of a raw hide pinion and spur 
wheel.. The crank shaft of the compressor 
is 2} in. diameter, and the bearings, all of 
which have large wearing surfaces, are 
lubricated on the splash system from the 
oil bath in the crank case. 
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The air receiver, which is 4 ft. long by 
18 in. diameter, is built of steel plate with 
pressed steel ends, and fitted with pressure 
gauge, safety valve, &c. The receiver is 
placed under the driver’s seat. 

The air pipe from the compressor to 
the receiver is carried round the frame 
work of the vehicle before reaching the 
receiver, so that any water entrained 
with the air after compression can be 
separated. 

fhe water-cooling tank is coupled to 
both engine and compressor, the connec- 
tion being so arranged that the water 
can be run through the engine only, or 
through both engine and compressor, as 
required. This tank is placed behind 
the rear axle, and securely bolted to the 
framework. 

The frame work of the lorry is of steel 
channel-iron, 6 in. by 3 in., weighing 
16 lbs. per foot, strongly braced together 
and rivetted. 

The road wheels are built entirely of 
steel, the bosses being bushed with gun 
metal. 

The axles are mild steel forgings con- 
nected to the framework by grasshopper 
springs of the ordinary pattern, and the 
rear axle is stayed from the countershaft 
bearings by two radius rods. 
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The change speed gear box is arranged 
under the frame of the lurry, and is de- 
signed to give forward speed of 3 to 6 miles 
per hour and a backward speed of 3 miles 
per hour. It also contains the differential 
gear which drives the countershaft, the 
smallest diameter of which is 24 inches. 
All the gears are of steel, machine cut from 
the solid, and they are arranged to run in 
oil continuously. 

The motion is transmitted from the 
engine to the gear box through three steel 
wheels and from the countershaft to the 
road wheels through two roller chains of 
2 in. pitch, each chain having a breaking 
strain of 30,000 lbs. 

The wooden framework and roof round 
the engine and compressor is arranged to 
receive wooden panels, any of which may 
be removed singly for getting at the 
machinery. 

The petrol tank is secured to the frame- 
work inside the engine room in position for 
easily filling from the driver's seat. 

Two independent brakes are provided, 
one operating on the two rear wheels 
through wooden brake blocks, and the 
other operating on two band brakes 
operating on countershaft. 

The steering gear consists of strongly 
designed linkwork, manipulated from the 
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DETAILS OF COMPRESSED AIR AUTOMOBILE CARPET-CLEANING PLANT 


steering wheel through a worm and worm- 
wheel, this arrangement making the steering 
handle self-locking in all positions. 


> 


The Design of the Antarctic Ex- 
ploration Vessel “ Discovery.” 


THE return from a long and successful 
voyage of the Antarctic exploration vessel 
Discovery rendered appropriate the placing 
on record at the recent spring meeting of the 
Institution of Naval Architects the special 
features of her design, and of the details of 
her construction. This was undertaken 
by the designer, Mr. W. E. Smith, C.B., in 
an interesting paper containing full specifi- 
cations, and accompanied by complete 
drawings, the whole affording sufficient 
information to enable a naval architect to 
construct a similar vessel, or to make im- 
provements thereon if the occasion arises 
in the future. The paper and specification 
fully explain the details adopted in the 
design, but it may be of interest to describe 
some of the special features thereof. The 
vessel, which was built by the Dundee Ship- 
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building Company, is a single-screw wood 
ship of the following dimensions ; 


Ft. In. 
Length on the water line from fore 
edge of stem to axis of rudder... 172 0 


Breadth, extreme ... ... ... ... 34 0 
Depth amidships from top of ceil- 

ing to top of upper deck beam... 18 6 
Mean draught to water line shown 

on the sheer drawing... ae 16 oO 
Displacement in tons to this water 

Hine (about) cc. sce cee cee see 1620 


The framing was arranged generally as 
shown on the midship section, the bow 
being fortified by shores as in whalers, and 
the stern specially strengthened. 

Form of Stern.—Preceding British vessels 
engaged in Polar exploration, and also 
whalers, had the old wooden frigate form of 
square counter stern so long current in the 
British Royal Navy. This seemed to the 
designer not the best form of stern for the 
work, and on his representation the Ship 
Committee consented to adopt a form of 
stern which, to a less pronounced extent, 
had been in vogue in the British Navy in 
the smaller classes of gunboats, and had 
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FIG. 2.—MIDSHIP SECTION. 


given great satisfaction. This pronounced 
overhanging rounded form of stern was 
evidently of great advantage in ice work as 
compared with the older form of stern as it 
gave much better protection to the rudder, 
rudder post and screw than did the old form 
of stern and this feature was abundantly 
illustrated when the vessel got into the ice. 
Mr. Smith was of opinion also that in the 
case of the new Discovery, practically a 
sailing ship, where the helmsman had of 
necessity to be right aft in order that he 
might keep his eye on the sails, this form of 
stern would be more satisfactory in heavy 
seas, and that the helmsman would be drier 
and would soon see that he was better 
circumstanced and less likely to be exposed 
to a green sea in heavy Antarctic gales than 
in a vessel with the old form of stern. This 
form of stern was ultimately decided upon, 
and although it met with much adverse 
criticism at Dundee on the part of the 
experienced captains of Dundee whalers, all 
of whom had been used to the old form of 
stern, Captain Scott, after experience on 
actual service, wrote as under on this 
point :-— 


‘‘ The shape of the stern is excellent. In the 
heaviest following seas it rises quietly and 
naturally and without risk of pooping as long as 
the ship has way on, Thisis the greatest relief 
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FIG. 3.—RIGGING PLAN. 


to me; there is no more demoralising circum- 
stance for a helmsman in bad weather than the 
chance of being pooped. In the chance of the 
wind failing suddenly in a heavy following sea 
there is a possibility of water coming over the 
stern, but this is most improbatle, and as it is, 
our helmsmen have always dry quarters. A 
corresponding disadvantage of this form of 
stern is, of course, that in a heavy sea with no 
way on there is much more noise set up by the 
falling of the stern on a wave than is the case 
with the older form, but the balance of advan- 
tage lies strongly in the direction of dryness 
and safety even at the expense of some noise. 
The ship behaved excellently in an ordinary 
sea way. She is buoyant, very easy in motion, 
and exceedingly comfortable. In the Bay of 
Biscay the maximum roll recorded was 30 
degrees, but this was to leeward ; under sail the 
vessel had an average heel of 8 degrees.” 


Bilge Keels. The question of whether the 
vessel should, or should not, be fitted with 
bilge keels came under consideration. It 
was recognised that bilge keels would add 
largely to the comfort of those on board, 
but after full consideration, it was decided 
that, as bilge keels would very much add 
to the risk of the vessel getting entangled 
in ice, and to the danger of her remaining 
fixed in it if she were once entangled, they 
should not be fitted. 

Captain Scott and his officers fully recog- 
nised this feature, and made no complaints 
with respect to the increased rolling due 
thereto; but the designer is of opinion it is 
well worth considering, on the part of any 
future expedition, whether it is not practic- 
able to fit bilge keels in some easily 
detachable and attachable manner, so as 
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to secure greater comfort when out of the 
way of the ice and no danger of entangle- 
ment when in the ice. 

The entangling effect of any projection 
on the bottom is well illustrated by the fact 
that the ice gradually settled on the slight 
projecting fortification of the keel under 
the screw aperture, and altered the trim of 
the ship by 3 ft. On being released by the 
last charge of gun-cotton the stern of the 
vessel rose with a jump, and she recovered 
her normal trim. 

Rudder—Method of Lifting and Securing. 
Anvone who has experienced the difficulty 
of shipping an ordinary boat’s rudder when 
afloat with any sea on, will know how 
difficult it sometimes is to properly engage 
the pintles and braces. It is often a 
necessity to unship the rudder of a Polat 
exploration ship to secure its safety, and it 
becomes an equal necessity to ship it again 
thereafter to bring it into use. The method 
adopted in the Discovery was as shown in 
Fig. 4. This method was very effective. 
No skill of any sort was needed on the part 
of the operators. the rudder was simply 
entered into the rudder aperture and 
lowered into place, when it automatically 
felt its way into the brace. 

A spare rudder, which did not depend on 
the lower pintle, and which would be quite 
efficient in the event of the carrying away 
of the rudder post, was provided as part of 
the equipment; but, although this spare 
rudder was used for a short time whilst the 
main rudder was under repair, the rudder 
post remained intact throughout the voyage, 
and the main rudder was, therefore, in use 
nearly the whole of the time. 
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FIG 4.—-METHOD OF SHIPPING AND UNSHIPPING RUDDER. 


Magnetic Observatory. The fitting of a 
magnetic observatory was one of the special 
features of the design. In addition to 
making satisfactory arrangements for the 
standard compass for the proper and safe 
navigation of the vessel, which was in itself 
a difficult matter for a vessel about to 
penetrate such very high latitudes, it was 
necessary to make a special house for the 
purposes of amagnetic observatory, warmed 
by non-magnetic lamps, in which it would 
be possible for an observer, with a fair 
amount of personal comfort, to make the 
magnetic observations constituting such a 
prominent feature of the work of the 
expedition. 

The work done in this observatory was 
of enormous magnitude and cf great value. 
The observations made are being analysed 
and systematically dealt with by Captain 
Chetwynd, the present Admiralty superin- 
tendent of compasses, and will, in due 
course, be made public for the information 
of navigators and all others interested in 





magnetic phenomena in high southern 
latitudes. It may be of interest to state 
that the condition that there were to be no 
magnetic metals within a radius of 30 ft. of 
the magnetic observatory had very far- 
reaching effects. For instance, the main 
shrouds had to be hemp cordage, and the 
shrouds were set up by hemp lanyards rove 
through the old-fashioned wood dead-eyes. 

Freeing Scuttles in Topsides. To keep the 
vessel as dry as possible, there was a con- 
siderable height of topsides, and, in order 
to prevent this height of side constituting a 
source of danger, there was a very liberal 
allowance of large free scuttles worked 
close down to the deck, all fitted in the 
manner long current in the Royal Navy, 
viz., so as not to open without pressure 
from inboard till the vessel heeled over to 
about 20 degrees, so as to prevent flapping 
and a constant ready access of water when 
the vessel was slightly heeled over. 

Water Ballast Tank in Hold, It was 
recognised as a feature in the design that 





























the vessel might have to come back from 
Antarctic regions over long distances in 
stormy seas with little or no stores in 
holds, and with correspondingly diminished 
stability to stand up under her canvas, and, 
as the possibility of obtaining solid ballast 
could not be relied upon, it was decided to 
fit a water ballast tank on top of the keel- 
son capable of holding about 60 tons of 
water. This was a very good arrangement, 
as it cost very little, added considerably to 
the local strength of the vessel in its neigh- 
bourhood, added also somewhat to the 
general structural strength, and did not 
diminish to any appreciable extent the 
coal-carrying capacity of the vessel, as on 
the outward voyage this ballast tank was 
to be filled with coal. 

Galley Stoves. The sides of these were 
lagged with asbestos. 

Skylights. These were glazed with two 
thicknesses of glass with a 4 inch air space 
intervening. 

Lagging under the Deck. The under side 
of the upper deck over the living quarters 
was lagged with 14 in. asbestos secured in 
place by match-boarding. 

Living Spaces. Two French Salamander 
stoves were fitted in the men’s quarters. 
They were of the closed-in kind with talc 
doors. The foremost stove in each com- 
partment had a downcast pipe fitted to it 
to deliver fresh air round the body of the 
stove to be warmed before entry into the 
general space of the compartment. The 
afterstove in the compartment was fitted 
with an outside lag casing round the funnel 
casing proper and opening into the interior, 
so as to secure under average conditions a 
continuous up-cast of devitalised air. The 
exhaust round the stove funnel as a rule 
worked satisfactorily, but sometimes it 
reversed. The chief engineer officer, Mr. 
Skelton, expressed the opinion that the 
ventilation of any space in a Polar ship in 
winter quarters could only be made abso- 
lutely satisfactory by employing some 
method of forced draught fans, which, how- 
ever, would mean complication of fittings 
and great expense. The average con- 
sumption of coal in the second year of 
winter quarters when everything was fully 
understood was as under : 

Galley cooking, 9 cwt. per week; ward 
room, 3 cwt. per week ; crew spaces, 3 cwt. 
per week ; total, 15 cwt. per week. 

Propelling Machinery and Boilers. This 
was designed by Engineer Commander P. 
Marrack, R.N., and was constructed in the 
main by Messrs. Gourlay Bros., Dundee. 
Steam was supplied by two cylindrical 
boilers to ft. 3 in. in diameter, each with two 
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furnaces, thecombined total grate area being 
67 sq. ft. The maximum working pressure 
was 150 lbs. per sq. in. The engines were 
of the, triple expansion type, designed to 
develop 450 h.p. when working at go 
revolutions per minute. The diameters of 
the cylinders were high pressure 14 in., 
intermediate pressure 223 in., low pressure 
36 in., length of stroke 30 in. The high 
and intermediate pressure side valves were 
of the piston type, the low pressure being a 
flat valve. Condenser cooling surface was 
560 sq. ft. The propeller was two-bladed, 
and had a diameter of 1o ft. 6 in. and a 
pitch of 12 ft. Asin the case of the spare 
rudder, all the details were arranged on the 
supposition that the rudder posts might be 
carried away in the ice, and that the stern 
thrust could, therefore, not be taken up by 
it. This meant that the usual cheese 
coupling arrangement could not be used. 

The arrangements adopted were such 
that the thrust when going astern was 
taken up by the thrust block inside the 
vessel. This plan worked exceedingly well 
in practice. 

> 


The Armoured Cruisers “ Kasuga” 
and “Nisshin” of the Imperial 
Japanese Navy.* 


By CoLoneELt N. SOLIANI. 


THE cruisers Kasuga and Nisshin are the 
last of a series of sister ships (ten in 
number) stretching over a period of about 
eleven years, from 1893 to 1904. They had 
a prototype in the earlier Italian cruisers 
Carlo Alberto and Vittor Pisani, which, 
except that the armament was less power- 
ful, were of practically the same design. 
As a main armament, the Carlo Alberto and 
Vittor Pisani had twelve 6 in. guns, while 
the Garibaldi (the first of the list of the 
Kasuga and Nisshin type) had two to in. 
guns and ten 6in. guns. But, as a com- 
pensation, the former ships had a long 
forecastle, which made them more suitable 
to ocean steaming and long commission on 
distant stations. 

The fact of a ship design being repeated 
over and over again during a long period 
adds perhaps to the interest it may de- 
serve; and this may also be enhanced by 
the circumstance that seven out of ten ships 
of the list passed, before being complete, to 
nations other than those for which they 
were intended and built, including the 
Kasuga and Nisshin, which, commenced 


* Read at the Institution of Naval Architects, April 
12th, 1905. 
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LONGITUDINAL SECTION, 


” AND “ NISSHIN.” 


** KASUGA 


JAPANESE CRUISERS 


I. 


FIG. 


and practically completed for 
the Argentine Government, 
have taken an active and use- 
ful part in the present war in 
the Far East under the flag of 
the Japanese Navy. 

The cruisers Kasuga and 
Nisshin were contracted for to 
be exactly the same as the 
Giuseppe Garibaldi, built and 
delivered tothe Italian Govern- 
ment, with the exception that 
the boilers were to be of the 
ordinary cylindrical type. 

The protection has lost some 
of its original value, although 
it may be said to be up to 
date even now. When it was 
planned the leading idea was 
to have a complete outside 
armour protection thoroughly 
efficient against shells, and an 
internal deck of sufficient 
strength to protect all the vital 
parts below against shell ex- 
plosion, should any happen to 
occur inside the armoured 
walls. Six inches was the 
general thickness chosen for 
the side armour, and I think 
it may be fairly admitted that 
fourteen years ago, when the 
design of the prototypecruisers 
Carl Alberto and Vittor Pisani 
was prepared, such armour 
was all that could be de- 
sired. The outside protection, 
although not covering the ship 
all over, was complete in a 
relative sense, as the side 
armour not only belted the 
ship completely at the water- 
line, but, above the belt, it 
enclosed the whole armament 
and other vital parts in a cen- 
tral citadel which, from the 
belt, went right up to the 
upper deck, while the upper 
deck itself on top of the citadel 
and the lower deck on top of 
the belt were also protected so 
as to completely box in the 
defended parts. It is perhaps 
proper to add that the armour 
deck beneath the lower deck 
had the turtleback form then 
common to all _ protected 
cruisers, the deck meeting 
the sides of the ship under- 
neath the lower edge of the side 
armour. Suchan arrangement 
was a natural consequence of 


























the functions assigned to the side armour 
and to the armour deck itself, as above 
explained. 

The armoured citadel, while enclosing 
the bases of the two turrets, afforded com- 
plete protection to the armament of 6 in. 
guns on the battery deck. It is well to 
note that the boxing of the guns inside the 
battery, although not carried out in such 
a thorough and efficient way as on the 
Japanese armour-clad Mikasa, was even then 
initiated, and its advantages understood, 
as the whole battery was subdivided into 
four compartments by means of a trans- 
verse bulkhead and a central jiongitudinal 
bulkhead built up in connection with the 
funnel casings, to localise damage, should a 
shell explode inside the battery. 

The side armour, not being very heavy, 
was, for simplicity of construction, not re- 
cessed with its lower edge on a shelf, but 
was simply attached with its backing to the 
flush side of the ship. The side armour 
and its backing therefore projected outside 
the plating, thus increasing the width of 
the ship at the water line. A strong angle 
iron underneath the lower edge of the 
armour united it with the ship’s side and 
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gave it some support. The stepping out of 
the armour is a convenient point of support 
for shoring when docking. 

The ships are three-decked: viz., in ad- 
dition to the armour deck they have a 
lower deck, which in the central part of the 
ship combines with the armour deck ; a main 
deck and a flush upper deck. 

The ships may be said to be symmetrical 
fore and aft; the propelling engines occupy 
the central part, and the boilers are in two 
equal groups, one forward and one abaft 
the engines, while the armament is also 
equally distributed forward and aft. 

The ships have one mast only, placed 
in the middle of the length. 

The location of the propelling engines 
in the middle, while not free from incon- 
venience, as it entails a greater length and 
weight of shafting, and a higher position 
of the after boilers, which are necessarily 
fitted above the shaft tunnels, has some 
important advantages. First, it affords a 
real duplication of the steaming power, one 
group of boilers being entirely separated 
from the other group, with no connection 
whatever, so that any damage affecting one 
of them, whether in the boilers or in the 
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steam and feed pipes, cannot in any way 
affect the other group. 

Greater facility of supervison and direc- 
tion is obtained by the engineer in charge 
over the whole machinery, as without leav- 
ing the engine rooms he can keep personally 
in touch with and attend to either of the 
groups of boilers, as may be necessary. A 
shorter length of all pipings in connection 
with the engine room, and a more sym- 
metrical and easy arrangement of the same, 
also result from this plan. And last, but 
not least, the central position of the 
engines is beneficial in reducing vibration 
in the ship due to the longitudinal couple 
of the inertia forces of the moving parts, 
which need not be so well balanced. In 
fact, especially on the Kasuga and Nisshin, 
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vibrations were scarcely felt at any speed, 
while quite appreciable vibrations were set 
up by the single-cylinder dynamos forward 
when running alone, the ship being in 
harbour. 

The central position of the engines, with 
corresponding symmetrical disposition of 
armament, dictated to a great extent the 
structural arrangement of the ships, which 
is, however, on the whole, the same as is 
usual in ships of their size and class. 
Attention, however, may be called to a 
central tunnel running along the middle 
line of the ship, close underneath the armour 
deck and between and above boilers and 
engines. The idea of such a tunnel was 
taken from English warships built or build- 
ing at the time, and which had a similar 
central passage. But while in the British 
ships the side bulkheads of the tunnel went 
right down to the inner bottom and formed 
magazines below, in the Italian ships, fail- 
ing the necessary space below, they were 
contented with the tunnel above, which, 
as in the English ships, was intended as 
a thoroughfare for easy communication 
between the various machinery compart- 
ments, for easy and accessible passage of 
electric wires, speaking tubes, telegraphs, 
for the manceuvring of the main drainage 
valves, &c., and for eventual conveyance of 
ammunition from end to end, should neces- 
sity occur. This last utilisation was, how- 
ever, subsequently discarded, the tunnel 
being shut at the ends, with no communica- 
tion with the ammunition compartments. 

The tunnel was supported in the engine 
rooms by the central longitudinal bulkhead 
which separates the two engines, and by 
pillars in the boiler-rooms, in two rows along 
the central longitudinal passage between 
the boilers. 

In addition to the usual cofferdams 
around the hatchways of the protective 
deck, a cofferdam about 30 in. wide was 
built at the side of the ship from the pro- 
tective deck up to a main deck to allow 
leakages to be stopped at the sides, and the 
slopes of the armour deck to be cleared of 
water, should damage occur to the armour 
belt. 

The specified speed of twenty knots was 
realised in nearly all the ships, including 
the Kasuga and Nisshin. 

The coal endurance also, as reckoned by 
the 1,000 tons of coal (increased in the 
Garibaldi and Kasuga and Nisshin to 1,190 
tons) the ships could carry, was fairly good, 
and quite ample for ships intended for 
Mediterranean service. 

The keel of the Rivadavia (now Kasuga) 
was laid on March toth, 1902, and the ship 


























was launched on October 22nd. The keel 
of the Moreno (now Nisshin) was laid on 
March 2gth, and the ship was launched on 
February goth, 1603. 

Before the end of 1902 all the machinery 
for both ships was completed and ready to 
go on board. As previously stated, both 
ships were to be a repetition of the Giuseppe 
Garibaldi, built by the same firm of Messrs. 
Gio. Ansaldo & Co. for the Italian Govern- 
ment, with the exception only of the boilers, 
which were to be cylindrical in lieu of the 
Niclausse water-tube type. 

The cylindrical boilers being heavier, in 
order to simplify matters with regard to 
speed, it was agreed in the contract that 
the specified speed of twenty knots of the 
Giuseppe Garibaldi was to be obtained under 
precisely the same conditions of draught as 
in the trials of the latter. The conditions 
of air pressure in the stokeholds were, of 
course, modified to suit the cifferent types 
of boilers : 4 inch of air pressure was allowed 
for natural draught and not over 1°6 inches 
for forced draught trials. 


GENERAL DIMENSIONS AND DaTA. 


Length over all ... .. II1°730 metres 

» atwaterline ... 108°860 o 
», between  perpen- 

diculars 104°860 s 
Moulded breadth... ee 18°200 iS 
Breadth outside armour... 18°710 = 
Moulded depth os %$ER°I9O ,, 
( forward 6°600 ne 
Draught on trials / mean... 7100s, 
(amt ... 7°600 ie 


Displacement on trial 
Indicated horse-power 
Speed ne nae 
Total coal capacity 
Rudder area ‘ 


7°400 met. tons. 
14,800 met. H.P. 
20 knots. 
I,I9g0 met. tons. 
16°98 sq. metres. 


The hull is built of mild Siemens- Martin 
steel, no special steel being used anywhere. 
Wood was limited to upper-deck planking, 
which is of teak, and to cabins and saloon 
furniture. No lining was fitted in the 
magazines. Shelves in magazines and 
shell-rooms were all metallic. 

The armament of the two ships is as 
follows :— 

Kasuga. Nisshin. 


10 in. guns ee ads ana I 

Sin. 45 as ane wis 2 4 
6in. ,, onmaindeck ... 10 10 
6in. ,, on upper deck ... 4 

3 in. ,, on superstructure 6 6 
3in. ,, at ends main deck 4 4 
18 in. ,, On superstructure 6 6 
Machine guns... 2 2 


Torpedo tubes (above water at 
sides) “a ose i 4 4 
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All guns have a wide range of fire, both 
horizontally and vertically, as follows :— 








Horizontal | 
aaa | 
— | Vertical Range. 
ship. | 
| 
For- Aft. | Eleva- Depres- 
ward.) ““* | tion. sion. 
| 
Deg. | Deg. | Deg. Deg. 
10 in. gun pis on go 45 | 35 5 
8 in. guns, forward ... go 45 25 5 
cs  . Be «a _ 45 go 25 5 
6in. ,, upper deck, } 
forward ... | 90 20 | 20 7 
Chm wz = deck, | 
aft ove 20 go | 20 7 
6in. ,, main deck, | 
forward ... | 90 20 | 15 7 
6in. ,, main deck, 
centre ... | 60 60 | 15 7 
6in. ,, main deck, | 
aft oe | 30 go 15 7 





The turret guns have, as usual, a direct 
supply of ammunition from the ammunition- 
rooms below by means of a hoist indepen- 
dent of the revolving turret structure. 

The 6 in. ammunition is raised from the 
magazines to the main deck by means of 
two continuous single chain hoists, one at 
each end of the main deck battery, whence 
the ammunition is carried on beam rails to 
the 6 in. guns of the battery and to the 
hand scuttles of the 6 in. upper deck guns. 
Minor ammunition is raised from magazines 
to the main deck and from the main deck 
to the upper deck by hoists of the alternative 
type. 

The working of turrets and hoists is by 
electric motors and gear. 

The propelling machinery consists of two 
twin sets of vertical triple-expansion three- 
cylinder engines, located side by side in the 
central part of the ship, in two adjacent 
independent compartments separated by a 
central longitudinal bulkhead. Steam is 
supplied by eight cylindrical boilers in two 
groups of four boilers each, one abaft and 
one forward of the engine-room. Each 
group of boilers consists of two double- 
ended and two single-ended boilers in 
two separate compartments, the double- 
enders being in the large compartment 
near the engine-room. Each group has 
one funnel. 

Forced draught is obtained by means of 
twelve steam fans, two in each stokehold, 
under the closed ashpit system, the fans 
being fitted as low down as possible, to 
ensure good ventilation of the stokehold. 
Care has been taken to balance as well as 
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possible the reciprocating parts of the pro- 
pelling engines, but no special contrivance 
was employed. 

The dimensions and figures relating to 
engines and boilers are as follows 


Sets of Engines aes 2 
Cylinders, diameter, high 


pressure .. I‘oto metres 
Cylinders, diameter, "medium 

pressure... 1600 _ i, 
‘Cylinders, diameter, low pres- 

sure ... as ~— one 2°360 9 
Stroke an S390 ws 
Power at forced draught .. 14,800 1.H.-P 
Revolutions per minute at 

full power ... ose 106 
Speed (at forced draught) . 20 knots 


Condensers, cooling surface 

(total) ‘ F 1,360 sq. met. 
Diameter of boilers (mean).. 4280 metres 
Lengthof shell of four double 


enders ‘ 5710 ‘J 
Length of shel 1 of four single 

enders ; 2°970 ‘ 

Number of furnaces (total)... 36 
Diameter OF . ww mean)... I'104 metres 
Working pressure 165 lbs. 
Total grate surface 82°62 sq. met. 

», heating surface 2,262°90 


Diameter of funnels (inside). 3°05 metres 


Height of forward funnel 


above fire grates.. 22°62 - 
Height of aft funnel above 
fire grates... cad whi 21°50 a 


The steam trials were carried out along 
the Eastern Riviera, near Rapallo, on the 
official measured base, 6,035 metres long. 

Both ships went on the official trials at 
sea after one mooring trial and one pre- 
liminary trial at sea, and with clean bottom 


just out of dock. The contract conditions 
of trials were simply a repetition of those 
set out by the Royal Italian Navy for the 
Giuseppe Garibaldi, and the same results 
were to be obtained. The trial conditions 
of the Giuseppe Garibaldi did not contem- 
plate speed (the ship’s design being from 
the Italian Naval Construction Depart- 
ment), but only development of steam 
power, and were as follows: 

One natural draught trial of six hours’ 
duration, in which the engines were to 
develop a mean power of 8,600 i.h.-p. 

One forced draught trial of cne and 
half hours’ duration, in which the mean 
power developed was to be not less than 
13,500 i.h.-p. 

In the natural draught trial the coal con- 
sumption per indicated horse-power per 
hour was not to exceed o’goo kilogs. (about 
2 lbs.). 

During the natural draught trials of the 
Giuseppe Garibaldi the air pressure in the 
stokeholds was nil, the Niclausse water- 
tube type of boilers, with ample grate sur- 
face and small resistance to passage of gases 
requiring no assisted draught. In the case 
of the Japanese cruisers, to compensate for 
the smaller grate area, and for the greater 
resistance to the passage of combustion 
gases through the tubes and flues, an air 
pressure of half an inch was admitted for 
the natural draught trials, as is customary 
in the British Navy for cylindrical boilers. 

According to contract, the air pressure 
in stokeholds during forced draught trials 
was not to exceed 4o millimetres of water, 
as said above. 

The results of the steam trials of both 
ships, Kasuga and Nisshin, are collected in 
the annexed table :— 





D 
= 





Date of Trial. 


Aft 
Mean. 


y 
a2 
AH 


STEAM TRIALS OF CRUISER “ KASUGA. 


Hrs. | Met. | Met. | Met. 
22 July, 1903 6 6°61 | 7°47 | 7°07 


Sea.| Wind 


»| Calm 


7.3 Light 6 165 | 274 
29 Sept.,1903 | 14 6°75 | 7°45 | 7°10 7,400 | Calm 


Light | 29 165 | 26” 106 | 7,450 | 7,494 | 14,944) 20°05 


1.H.P. 





Star. | Port. /Total. 


Revolutions. 
Speed in Knots. 


Ss | 





93 | 5-210 | 4.964 | 10,174) 18°46 


Steam TrRIALs oF Cruiser “ NrissHin.” 


26 Oct., 1903 6 6°63 | 7°48 | 7°06 | 7,347 \C alm 
6 Nov., 1903 6°76 | 7°47 | 7°11 | 7,413 | Calm 
| | 


Light | 9°5 165 | 28°2”) 94°3 | 5,340 | 
Light 35 165 | 28” | 106°5 | 7:439 
| | | 


10,688] 18°74 
14,896] 20°15 



































The electric power station, which in the 
Giuseppe Garibaldi consisted of four con- 
tinuous current dynamos, having a total 
power of 120 kilowatts, has been increased 
by 25 per cent. by the addition of one simi- 
Jar dynamo. The five dynamos were 
located, three in the dynamo-room be- 
low the armour deck, and two on main 
deck inside the armoured citadel. These 
two dynamos were intended for general 
use, and also as a reserve for the main 
station. 

The dynamos of the continuous current, 
four poles, shunt-type, were made by 
the Ansaldo firm, and worked at 110 
volts and 300 ampéres. The steam en- 
gines, of the compound tandem type, were 
supplied by Messrs. F. Tosi & Co., of 
Legnano. 

The power plant, in addition to supply- 
ing current for the electric lighting of the 
ship, consisting of nearly 500 lamps, and 
five searchlights—four of 24 in. and one 
of 30 in.—also supplies current to many 
electric motors, viz., main artillery motors, 
ammunition elevators, ventilating fans, 
ash elevators, refrigerating machine, work- 
shop, &c. 

All the wires, the principal of which are 
solid bars, are enclosed in metallic water- 
tight casings, or protected by Bergman’s 
tubes. 

The watertight doors for communication 
between the machinery compartments are 
all high up in the central tunnel, and are of 
the sluice type, with rack and pinion. No 
other communication is needed. However, 
for convenience in ordinary service, two 
more watertight doors were fitted below in 
the main bulkheads separating the single 
from the double-ended boiler compart- 
ments, and in way of the central passage 
between boilers. These two doors are of 
the hinged rack-and-pinion type invented 
by Major Quarleri, Naval Architect in 
the Royal Italian Navy, which, by the 
single working of the pinion shaft, are 
not only swung round, but locked and 
unlocked also 

All other important doors in the hold are 
of the slide rack and pinion type. On the 
decks above, all doors are hinged. 

The general ventilation of the ship is 
secured by numerous electric fans, and is 
on the vertical independent system, each 
compartment having an inlet and exhaust 
of its own, so that there is no need of im- 
pairing the efficiency of watertight bulk- 
heads by ventilating pipes passing through 
them. Moreover, inlet and exhaust having 
straighter leads, the efficiency of ventilation 
is better secured. 
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On Elastic Limit.’ 


C. Bacu, in a previous paper published 
last year, pointed out the fact, borne out by 
his experiments, of the existence of an upper 
and a lower elastic limit in any material 
showing the phenomenon of yielding. The 
‘“‘ upper elastic limit’’ is the tension o, where 
the yielding begins, while the smallest ten- 
sion o,, to which the load during the yielding 
falls is what the author understands by 
“lower elastic limit.” Inthe present paper, 
the author records some recent results 
obtained in the course of further experi- 
ments on the same problem. 

In connection with tests on a sheet about 
20 mm. in thickness from a steam boiler 
that had been in operation for eight years, 
the following facts were stated :—{1) There 
is a great difference in the values of the 
elastic limit as obtained, on one hand for 
a flat rod, and on the other for round rods 
made from the same sheet. (2) There isa 
great difference also in the tensile strengths 
of the flat and round rods respectively. 
A further investigation on seven boiler 
sheets of tensile strengths, varying between 
3,400 kgs. per sq. cm. and 5,000 kgs. per 
sq. cm., brought out the following facts :— 
(1) The round rods mostly gave far higher 
figures of o, than flat rods, while the values 
of o, show less marked departures. The 
difference between the two values is con- 
siderably greater with round rods than with 
flat rods. 

These results, as well as those derived 
from subsequent experiments, can be 
accounted for by the following :— 

(1) The flat rods retain the rolling skin, 
while: the round rods contain material 
exclusively from the inner parts of the 
sheets. (2) The form of the cross section 
of the rods has an influence on the results, 
the transverse contraction of the various 
fibres of the rod being hampered to a degree 
depending on this form. The same depen- 
dence, though to a smaller degree, is, by the 
way, observed also in the case of the tensile 
strength. 

e* 


The Protection of Copper against 
Corrosive Action of Sea Water. 


Copper and copper alloys have long been 
used as a specially valuable constructive 
material in ship building, and as far back 
as in 1761 the British Navy commenced 
fitting her ships with copper plates to 
protect them against incrustation by shells. 


* Zeitschrift des Vereines Deutscher Ingenieure, N 
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PROTECTION OF COPPER. 


The physical properties of copper and 
bronze allowed of many parts of the ship and 
machinery being given a light and durable 
design, and this applies especially to any 
kind of piping. Asthe speeds of ships were 
increased, the weight had to be reduced 
everywhere, and even such objects as had 
formerly been made nearly exclusively 
from cast iron were now manufactured 
from copper or copperalloys. The destruc- 
tive action exerted by sea water on many 
copper parts in contact with water was 
noted about this time, and the phenomenon 
investigated. 

M. Uthemann, in a recent contribution to 
the Zeitschrift des Vereines Deutscher Ingenieure 
(No. 18), records a series of experiments 
made at the imperial shipyards of Danzig, 
and which were carried out both with flowing 
and still water. The apparatus used in 
connection with the former is shown in 
Fig. 1. The lengths of pipe, a, b, are 
inserted in a conduit through which sea 
water is pumped from a large reservoir. 
The pump is operated by an electro-motor, 
working for fen hours each day, the water 
being otherwise at rest in the conduit and 
reservoir. The conditions are made as 
similar as possible to those obtaining on 
board. The pumps are of bronze. Both 
tubes protected by iron and non-protected 
tubes of the sarne material were tested. 

The experiments in still water (Fig. 2) 
were made on thin-walled cylinders sus- 
pended in glass containing vessels. The 
cvlinders consisted of copper obtained by 
metallurgical processes, and were protected 
by iron, either internally only, or both 
internally and externally. 

These experiments extended over a period 
of two years, and the tables given by the 
author show that a protected iron cover 
will result in an increase in the weight, not 


only in the case of the copper, but of 
copper alloys, while without such a pro- 
tection both copper and its alloys, even 
those called ‘‘ seawater-proof,” will under- 
go a continual decrease in weight. The use 
of iron covers should therefore be emphati- 
cally recommended. 


» 


A Fireproof Theatre of Armoured 
Concrete. 


Tue firm of G. A. Wayss & Co. are 
building a miniature fireproof theatre of 
armoured concrete, which is specially in- 
tended for fire tests. It is to serve as a 
model structure where any safety devices 
which have so far been suggested against 
the danger of fire, as well as any that may 
be proposed in future, will be tested. 

The theatre is to be fitted with a stage 
7°5 mm. breadth and 6 mm. depth, separated 
by an iron curtain from an amphitheatre 
5°5 mm. in breadth and 7 mm. in depth. 
The stage consists of stationary and rolling 
floors, a working gallery to the right 
and another to the left, and an adjusting 
bridge. The latter parts are of iron, and 
are suspended by ties of the same material 
from the ceiling, which consists of massive 
Monier concrete. The amphitheatre con- 
sists of a simple gallery with latera! stair- 
cases leading into the open. Special rain 
attachments are to be provided. 

In connection with the experiments con- 
templated, the outlets through which the 
smoke gases generated by a fire may escape 
will be studied with special care. Any 
decorations exposed to combustion will be 
fitted as in actual operation. It is thought 
possible by these experiments that devices 
may be discovered for protecting the 
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amphitheatre from a stage fire. If the fire 
gases are led away promptly and safely 
from the stage into the open air, and if 
sprinkling proves an efficient fire extinguish- 
ing agent, an amphitheatre of fireproof con- 
struction might be safe against any danger 
of fire. According to a report in Beton und 
Eisen, it is contemplated carrying out fire 
tests in the presence of filled amphitheatres. 


> 


Utilising Nitrogen from the Air. 


Dr. K. ArNptT, writing in No. 16 of 
Dingler’s Polytechnisches Journal, discusses 
the process designed by Professor Frank 
according to which nitrogen is led over 
heated calcium carbide, thus obtaining a 
compound of calcium, carbon and nitrogen 
(calcium cyanamide), called by the inventor 
‘lime nitrogen.”” The raw product, which 
contains from 20 to 21 percent. of nitrogen, 
can be used immediately as manure. Eight 
to fourteen days before the sowing, 150 to 
300 kgs. (according to the condition of the 
ground) of lime nitrogen are spread out on 
each hectare of ground, this being mixed 
with about the double quantity of dry soil, 
and ploughed immediately to a depth of 
from three to five inches. A large factory 
is to be taken into operation in Italy in the 
course of this year, where 3,000 H.P. is to 
be employed for the production of lime 
nitrogen. According to Frank’s data one 
electrical H.P. per hour will give, during a 
year, 1,250 kgs. of lime nitrogen. The 
product should be protected against mois- 
ture, lest some nitrogen be lost in the form 
of ammonia. 

Whereas this process requires an enor- 
mous quantity of electricity, Nature herself 
dispenses with the use of any apparatus. In 
fact, the bacteria dwelling in the root 
nodules of leguminosa work the nitrogen of 
air, preparing from it food for their hosts. 
Hiltner, of Munich, has succeeded in obtain- 
ing from these nodules considerable amounts 
of a substance by means of which he expects 
to find a biological process able to compete 
with the above chemical method for the 
utilisation of atmospheric nitrogen. 
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The High-Speed Locomotive, 
Prussian State Railway De=- 
partment. 


SPURRED on by the recent successes 
of the high-speed electric tests conducted 
on the 14} miles stretch of trial railway 
situated between Marienfelde (Berlin) and 
Zossen—running in the direction of Dres- 
den—German locomotive engineers have 
been actively engaged in endeavouring to 
increase the speed and capacity of the 
steam locomotive, in keeping with the 
demands of traffic increasing from year 
to year, and to thus create a locomotive 
which may enter on the contest with the 
electric motor with prospects of ultimate 
and complete success. For suitable em- 
ployment of high-speed locomotives, those 
stretches of line must, of course, be selected 
which connect great traffic centres with 
each other, and pass exclusively, or mainly, 
through level country, thus offering no diffi- 
culty with respect to gradients or curvature. 
In the accompanying photograph is illus- 
trated a locomotive which is novel in its 
appearance and general design, and one 
which, after having been exhibited last 
year at St. Louis Exposition, is to be very 
shortly introduced for working express 
passenger services on the Prussian State 
Railways. The locomotive—which, before 
being shipped to the United States, main- 
tained, in the course of some official trials, 
a speed of 82 miles an hour with a six-car 
train, representing a tonnage of 240; a 
speed of 87 miles an hour, with five cars, 
200 tons; and a speed of gz miles with 
three cars, 120 tons--was built by the well- 
known engineering firm of Messrs. Henschel 
& Son, of Cassel, Germany, and has re- 
cently been purchased by the Prussian 
State, preparatory to its being introduced 
for the fastest express services on the sec- 
tion of railway—177 miles in length—which 
separates Hamburg and Berlin. This 
stretch of line complies in a high degree 
with the requirements stated in a previous 
paragraph, as—at the last census—Berlin 
had a population of 1,888,000 inhabitants, 
and Hamburg one of 706,000 inhabitants, 
whilst the intervening country is flat and 
sandy, with no considerable town in it. 
At present the service is one of ten trains 
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in each direction daily, the fastest covering 
the distance in 3 hours 27 minutes, whilst 
there are four trains which accomplish the 
journey to Hamburg in less than 4 hours. 
The number of through passengers between 
these two commercial centres averages 
about 1,150 daily, a considerable increase 
having taken place during the past ten 
years. In designing high-speed locomotives, 
two factors are specially to be considered :— 
(1) the resistance of the air; and (2) the 
disturbing movements due to the motion 
backward and forward of the massive 
driving parts of the engine. The results 
derived from the trials on the Berlin- 
Zossen section were made the basis for 
ascertaining the resistance of the air, as 
these alone—among the large number of 
formule drawn up for high speeds in 
different countries on the basis of trials— 
gave reliable results. In order to reduce 
the resistance of the air to a minimum a 
complete departure was made from the 
design hitherto adopted. The locomotive, 
along its entire length, including the tender, 
was ** housed” in sheet metal, offering the 
least possible points of attack to the air in 
its passage. To diminish yet further the 
resistance of the air, the front of the loco- 
motive narrows down and converges. Only 
few parts of the locomotive protrude from 
the metal casing, such as the upper part of 
the chimney stack, the arch of the two 
domes, and the ventilation superstructures, 
together with the lanterns. This housing, 
nevertheless, requires the driver’s cab to 
be separated from the stoker’s, the former 
being brought in front of the smoke-box on 
the head side of the locomotive, so as to 
give the driver a free view of the road. 
Much greater difficulties were met in ob- 
viating the effect of the motion to and fro 
of the driving masses, which might give 
rise to disturbing oscillations of the loco- 
motive, which, at high speeds, would be- 
come positively dangerous. The movement 
of irregular oscillation around the vertical 
axis of gravity is the most dangerous. The 
practice almost invariably adopted has 
been to adjust the outside driving cranks 
at go degrees on each side, but this results 
in a motion being imparted to the engine, 
tending to make it revolve in a horizontal 
plane. This motion is caused by the 
acceleration and retardation of the un- 
compensated masses moving to and fro. 
This irregular oscillating motion increases 
as the square of the speed, and, under 
unfavourable circumstances, may attain 
dangerous proportions, and, in some in- 
stances, lead to the derailment of the 
engine. This irregular oscillation is limited 
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by the construction of four-cylinder engines, 
but is completely remedied by three-cylinder 
engines (Wittfield system) alone, and this, 
for the reason just stated, is the type which 
has been adopted for the twelve-wheeled 
four-coupled high-speed locomotive, illus- 
trated herewith. In this locomotive, the 
cranks of both outside cylinders have a 
parallel direction, whilst those of the inside 
cylinder—which drives the middle of the axle 
—is horizontally inclined to both the others 
at go degrees. Another disturbing motion 
must be taken into consideration, and one 
which is felt parallel to the length of the 
locomotive, and is due to its increasing 
pitching. This, in view of the great weight, 
need not, however, be very seriously taken 
into account, and this derangement must 
be regarded as the “lesser evil’’ for high 
speeds. The locomotive is supported on 
six axles, of which the two middle axles are 
constructed as driving axles of 86§ in. 
diameter, coupled with each other, whilst 
the four running axles are joined in 
pairs in a front and rear bogie, the 
pivots undergoing lateral shift in order 
to maintain mobility when negotiating 
curves. The boiler is of unusually large 
dimensions, possessing heating surface 
of 2,776 sq. ft., the grate area being 454 
sq. ft. In order to attain the last-named 
dimension, the fire-box has been ex- 
panded below—two fire doors adjoining 
each other in the back plate of the fire-box, 
so as allow of the grate being properly fed. 
For the purpose of covering the 345 boiler 
tubes, which are 1? in. internal diameter, 
while reducing the diameter of the barrel to 
the lowest minimum the fire-box has been 
made wider, and its connection with the 
barrel is effected by means of a conical 
piece, thus obviating the necessity for 
longitudinal staying. The staying of the 
fire-box is effected in the usual way by bolts 
and roof, cross and bottom stays. The 
barrel, consisting of one conical and two 
cylindrical plates with an average diameter 
of 5 ft. 3? in., carries two steam domes, one 
on the first and the other on the second 
plate, in order to increase the steam space. 
A steam collecting tube, suspended in the 
upper part along the longitudinal axis of the 
boiler, conducts the steam into the rear dome, 
whence it reaches the front dome by a con- 
necting tube and the steam admission tube 
through the starting lever. By this means 
water carried with the steam is, for the 
most part, separated, and the steam reaches 
the cylinders in as dry a condition as is 
possible. A double Ramsbottom safety 
valve, arranged on the second plate, allows 
the excess steam to escape. The stable 
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HIGH-SPEED LOCOMOTIVE, 


connection of the boiler with the frame 
is effected by means of one front and 
two lateral smoke-box bearers—-the mov- 
able connection being effected hy means 
of a circular boiler bearer, four lateral fire- 
box bearers, and a shifting piece screwed on 
to the back plate of the fire-box. The frame, 
in contrast to the design hitherto used on 
the Prussian railways, is made up of two 
parts, the frame plates of which are at 
different vertical levels. The front part, 
which receives the cylinders and is sup- 
ported on the front bogie truck and the two 
driving axles, lies within the axles, so as to 
prevent protrusion of the outside cylinders 
of 208 in. diameter, beyond the outline as 
prescribed. The two frame plates are held 
together by the buffer beams, the cylinder 
stays and the other horizontal and vertical 
stays. The rear frame section has a greater 
internal width between the two frame plates, 
in order to allow of taking the large fire-box 
between them, as otherwise it would have 
been impossible to avoid placing the boiler 
very high and the fire-box on the frame, 
which latter was not practicable, on account 
of the great height of the fire-box, as this 
would have exceeded the prescribed dimen- 
sions and, in addition, afforded a largely in- 
creased surface to the friction of the air. 





PRUSSIAN STATE RAILWAYS. 


The back end of the frame is supported on 
the second bogie truck, and is connected 
with the front part of the frame by a power- 
ful vertical cross-stay lying in front of the 
fire-box, and by the projecting frame ends 
lying against the slide bar holders. The 
unusual length of locomotive and tender 
required that they should be capable of 
being easily separated, to permit of their 
being turned separately on the turn- 
tables, and for this purpose they are con- 
nected by draw-hooks and a coupling loop, 
drawn together by a lever brake, operated 
from the stoker’s cab. Steam is first con- 
ducted to the high pressure cylinder, con- 
structed between the frames, and passes 
from the latter through the receiver to the 
two low pressure cylinders lying outside. 
The diameter of all three cylinders is 
208 in., the proportion of capacity of the two 
low pressure cylinders to the high pressure 
cylinder being as 2 isto 1. The steam distri- 
bution is effected by means of equilibrium 
valves, operated by three separate distri- 
buting motions on the Heusinger von Wal- 
degg system. A reversing gear on the Kuhn 
system gives the low pressure cylinders a 
uniform filling of 70 per cent., whilst the 
high pressure cylinder can be adjusted at a 
degree of filling between 20 and 78 per cent., 
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DETAILS OF HIGH-SPEED LOCOMOTIVE, 


REVIEW. 


by means of a distributor fitted in the driver's 
cab. When the high pressure cylinder is 
filled to the extent of 30 to 4o per cent., and 
the low pressure cylinder to that of 70 per 
cent., the working proportion of both cylin- 
ders is approximately equal. This degree 
of admission also corresponds to the nomi- 
nal capacity of the locomotive of 1,300 h.p. 
which is required to move a train of 310 tons 
weight (including locomotive and tender) at 
a speed of 81 miles per hour. The piston 
motion of the high pressure cylinder is 
transmitted to the crank axle of the front 
set of driving wheels, whilst the pistons 
of the two low pressure cylinders work 
on the rear driving axle. The low pressure 
cranks are at an angle of go degrees to the 
knee crank, so that the low pressure cranks 
follow on after the high pressure crank. For 
the angle between the coupling rod cranks, 
at go degrees to each other, and the driving 
rod cranks of the low pressure cylinders, 45 
degrees were determined on, with a view of 
transmitting the greatest possible amount of 
the power from the driving axle through the 
coupling rod to the coupling axle, and driv- 
ing round at a dead point of one of the two 
driving red axles, and further to the most 
favourable possible action on the outside 
crank pin, which in this locomotive has been 
constructed as acounter crank. All parts, 
such as the crank axles, the high pressure 
connecting rod, the coupling rods and the 
counter crank pins, are composed of 5 
per cent. nickel steel. In order to render 
starting possible at the dead point of the 
high pressure crank, an automatic, or hand- 
worked, starting valve is inserted between 
the steam exhaust ot the high pressure 
cylinder and the receiver. Each time, 
before starting, the valve is closed so that 
the high pressure cylinder is shut off from 
the receiver, and, at the same time, fresh 
steam of low tension is conducted into the 
low pressure cylinder by a small piston 
slide. If the high pressure crank is really 
at the dead point, the low pressure cylin- 
ders first of all alone exert a pull under 
fresh steam until the high pressure cylinder 
likewise obiains steam and the steam ex- 
pelled from it automatically opens the 
valve by its surplus pressure. By this 
means the fresh steam admission to the 
low pressure cylinders is likewise cut off 
and the compound action restored. The 
starting lever is operated from the front 
cab. A suitable device is provided in order 
to allow of closing off the starting lever, 
in case of danger, from the stoker’s cab, but 
it cannot be opened from this point. All the 
fittings required for both the driver and the 
stoker are provided in duplicate. In the 
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rounded front wall of the housing, doors 
with fixed windows are provided on both 
sides to allow of easy access to the smoke- 
box and boiler tubes, whilst next to these 

to the right and to the left-—are placed large 
double windows. To light the side passages 
and to ventilate the interior thoroughly, the 
windows in the side walls can be lowered, 
whilst, in addition, there is a ventilating 
super-structure with adjustable shutters 
above the driver’s and above the stoker’s 
cab, affording very efficient ventilation. 
The driver's or the stoker’s cab is mounted 
from each side of the locomotive through 
two entrances, which can be closed off by 
doors with movable windows. The passage 
to the tender, which is “ housed” in the 
same way as is the locomotive, is rendered 
possible through a broad rubber band, at 
the rear end of the locomotive housing, and 
beneath which the tender ‘house’ pro- 
trudes. The tender is fitted with two double 
axle bogie trucks, and has a capacity for 
4.400 gallons of water and seven tons of 
coal. The filling of the tank is effected by 
a funnel inserted on one side, whilst the 
coaling is performed through two chutes in 
the roof. The passages on both sides of the 
cisterns are lighted by movable windows in 
the same way as is the locomotive, whilst, 
in order to protect the stoker’s cab from 
grit and dust when coaling, the coaling 
space can be closed off by a rolling wall. 
The passage from the tender to the first 
carriage is effected by means of a telescopic 
arrangement of the same design as that 
used on all the principal German corridor 
trains. Both locomotive and tender are 
equipped with complete Westinghouse high 
pressure rapid brakes. The brake action 
on the four driving wheels, on the wheels of 
the back bogie truck, and of the tender 
takes place on both sides, whilst the front 
bogie truck—on which falls the task of 
guiding—is subjected to brake action on 
one side only. The high pressure brake 
is for the purpose of lessening the brake 
pressure after high initial pressure as the 
speed diminishes. Assuming an average 
brake pressure of 5°5 atmospheres in the 
cvlinders, corresponding to the conduit 
pressure of seven atmospheres, the pressure 
on the running wheels of the front bogie 
truck is 75 per cent. on the driving wheels, 
the wheels of the rear bogie truck and of 
the tender roo per cent. of the rail pressure, 
the weight of the tender (half loaded with 
water and coal) being here taken into 
account. In order to facilitate the placing 
of the engine in front of the train, there is 
fitted at the rear end of the tender a brake 
valve which is operated by one of the two 
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stokers, and communication with the drive: 
is effected by means of a steam whistle and 
speaking tube. The locomotive and tender 
are illuminated inside by gas lanterns, 
placed in the ventilation superstructures, 
in the end of the tender and in the passages. 
There is a complete air sanding apparatus 
of the Bruggemann system—a steam-heating 
and tyre-wetting device—an appliance for 
blowing out the boiler tubes by means of 
compressed air, and two-speed gauges on 
the Frahm and Haushalter system. The 
following are the leading dimensions: 
Gauge, 4 ft. 85 in.; diameter of cylinders, 
20% in.; piston stroke, 24% in.; diameter of 
driving wheels, 7 ft. 22 in.; diameter of 
bogie wheels, 3 ft. 33 in. ; rigid wheel base. 
8 ft. 47: in.; working pressure, 200 lbs. per 
sq. in. ; grate area, 45°4 sq. ft. ; heating sur- 
face, 2.776 sq. ft.; water capacity of tender. 
4.400 gallons and space for seven tons of 
coal. The weight of the engine (empty) 
is 753 tons and that of the tender 31 
tons, but this weight. in running order. 
is increased to 85 tons for the locomotive, 
and 58 tons for the tender, the adhesive 
weight of the locomotive being 32 tons. 
while the remainder is distributed on the 
front and rear bogie trucks bearing 243 
tons and 28} tons respectively. 


ae) 


Oscillations of Railway Vehicles on 
Suspended Springs.* 


AN investigation of the oscillations of 
railway vehicles offers great interest, both 
on account of the derailments any excessive 
oscillations may give rise to, and because 
of the disagreeable effects of such shocks 
on railway passengers, the rolling stock and 
the track. In view of the increasing speeds 
of rapid trains, this item should receive 
more and more attention. Such oscilla- 
tions are due either to a defective state of 
the rolling stock or to defects in the track. 

Many engineers have dealt with the 
problem at issue, and have first examined 
such oscillations as are due to the stock. 
while those produced by the track itself 
have been studied more particularly of late 
years. The most important factor in this 
connection is the periodical vertical dif- 
ferences of level occurring at each rail 
joint, and as the joints of the two rails are 
generally situated in front of each other, 
their respective effects are exerted on the 
two wheels of the same axle at the same 
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time, giving rise to simultaneous vertical 
oscillations, unless horizontal oscillations 
complicate the phenomena. The opinion 
has been enunciated that these vertical 
oscillations would prove particularly danger- 
ous if there exist synchronism between the 
time employed by a vehicle in traversing 
the length of the rail and the duration of its 
natural oscillations on its springs, and this 
special speed is what has been called 
** critical speed.” 

The author states that railway vehicles 
cannot possibly be prevented from running 
sometimes at their critical speed, this 
corresponding frequently to the most usual 
speeds. Such divergent oscillations as 
should result according to theory, however, 
fail to be produced generally, owing to the 
friction of the spring plates, guides, etc., 
which factors had not been taken into 
account. As, however, such oscillations are 
liable to occur in certain cases, when they 
may be productive of real danger, they 
obviously deserve special attention. M. 
Marié has investigated them by means of 
graphic methods in a simple theoretical case 
and has established the following formula 
giving the condition of convergence: 


h= af a, 


where /: is the maximum periodical level 
difference of the track (about ‘oo4 m.), f the 
relative friction of the spring, viz., the con- 
stant ratio between the sum of the friction 
of the spring, plates, guides, etc., to the 
corresponding value of the power of the 
spring, and a the pitch of the spring under 
fixed load (‘03 m. to ‘25 m. as the case may 
be). : 

This formula can be applied to almost 
any practical case met with in railway 
operation, and the following conditions are 
inferred from it: 

1. In order toreduce the value of h,a track 
as rigid as possible should be employed; 2. 
springs of great flexibility and at the same 
time a fairly high relative friction should be 
made use of. 

If the above conditions be complied 
with, the vehicle will not, independently 
of the speed, show any vertical divergent 
oscillations. 
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Six-wheeled, Coupled, Bogie 
Express Locomotives for India. 


In the accompanying photograph we are 
enabled to illustrate one of ten large and 


powerful six-wheeled, coupled, outside cylin- 
der, bogie express locomotives which have 
quite recently been built by Messrs. Robert 
Stephenson & Co., Limited, of Darlington, 
for working the heavy mail expresses of 
the Bengal-Nagpur Railway Company, as 
between Calcutta and Bombay. These 
locomotives, which have been designed by, 
and constructed under the supervision of, 
Sir John Wolfe Barry, K.C.B., the consult- 
ing engineer of the Bengal-Nagpur Railway 
Company, are fitted with cylinders (20 in. 
diameter, and 26 in. stroke), having ordi- 
nary sliding valves, whilst the motion is of 
the Stephenson link with its excentrics on 
the driving axle, the rods being bent clear 
of the leading axle. Reversing is effected 
by steam and water cataract cylinder ac- 
tuated by a miniature reversing lever and 
notched sector plate in the cab, and so 
arranged that by means of an ingenious 
automatic cut-off the reversing shaft is 
held in a position corresponding to the 
notch at which the small hand lever is 
placed by the enginemen. The boiler, which 
is of large capacity, and with its centre line 
“pitched” 8 ft..6 in. above rail level, is 
constructed of steel plates, with copper fire- 
boxes stayed with copper stays, the tubes 
being of brass. The boiler barrel has a 
mean diameter of 4 ft. 9% in., and a length 
of 14 ft. 15 in., the plates being # of an in. 
in thickness. The fire-box, which is of the 
Belpaire pattern, has a length, outside 
shell, of 8 ft. 8 in., and a width, at the 
bottom, outside, of 4 ft. 72 in. The tubes 
number 196, and are of 2} in. diameter. 
The total heating surface is 1,831 sq. ft., to 
which the tubes contribute 1,673°5 sq. ft. 
and the fire-box the remaining 157°5 sq. ft. 
The fire-grate area is 32°184 sq. ft., and, 
taking go per cent. of the boiler pressure, 
the tractive force amounts to 22,922 Ibs. 
The six-coupled wheels have each a dia- 
meter of 6 ft. 1} in., the bogie wheels a 
diameter of 3 ft. 6 in., whilst the six wheels 
of the tender are each 3 ft. 8 in. in diameter. 
The cab has been specially designed for 
Indian climatic conditions, affording ample 
protection from the power of the sun, and 
in place of the side windows sometimes 
seen on European, nearly always on Ameri- 
can, locomotives, lowered shutters, sliding 
between light-angle iron framing, are pro- 
vided both on engine and tender. The 
engine, in working order, weighs 63 tons 
5 cewts., distributed thus: Bogie wheels, 16 
tons 2 cwts.; leading wheels, 15 tons 14 
ewts.; Driving wheels, 15 tons 15 cwts. ; 
and trailing wheels, 15 tons 14 cwts. The 
tender, which has a capacity of 3,500 gal- 
lons of water and 7 tons of coal, weighs an 


ur 
wn 


RAILWAY ENGINEERING NOTES. 9 


additional 41 tons 4 cwts., distributed thus: 
Leading wheels, 13 tons g cwts.; Inter- 
mediate, 13 tons 10 cwts.; and trailing 
wheels, 14 tons 5 cwts. The engine and 
tender, in running order, therefore, has a 
weight of to4 tons g cwts. 


A New Type of “ High-Capacity”’ 
Mineral Wagon. 


In the accompanying photograph is 
illustrated one of a number of 30-ton part- 
end-emptying bogie hopper coal wagons 
which are now being introduced for opera- 
tion on the Caledonian Railway. These 
wagons, which have been built by the Leeds 
Forge Company for the Scottish Co-opera- 
tive Wholesale Society, Ltd., of Glasgow, 
are 38 ft. in length over the buffers, 8 ft. 6 in. 


in width over all, and 8 ft. 5 in. in height = 
from rail level, the centres of bogies being 
22 ft. 6 in. apart. The wagons are of some- “ 
what unique construction, inasmuch as a 
they are provided with one set of centre z 
hopper openings with the doors arranged ° 
on the Leeds Forge Company’s patent 3 
system—such as is adopted in the “all- S 
steel’? wagons recently introduced for coal a 
traffic on the North Eastern Railway—with z 
the exception, however, that the latter have = 


two sets of hopper openings near the centre, 
whilst the rolling stock illustrated herewith 
has, in addition, been equipped with a 
hopper opening at each end of the wagon. 
This arrangement enables the wagons to be 
reduced in over-all dimensions as compared 
with a wagon emptying at the centre only, 
without decreasing the carrying capacity, 
as a wastage of space at the ends of the 
wagon is obviated, owing to the slope of the 
end hopper. The operating gear for opening 
and closing these end doors has_ been 
designed on the same principle as that for 
the centre doors, except that one arm only 
of the toggle joint is connected to the door 
and the other arm to a fixed bracket on the 
headstock of the wagon, instead of each 
arm being connected to one of the doors 
Wagons emptying at the centres only, and 
constructed with the same height and width 
as the 30-ton wagons illustrated above, 
would require to be at least 2 ft. 6in. longer 
in order to give the same capacity, or, in 
other words, an economy of about 7 per 
cent. is obtained in the length of wagon by 
the utilisation of the part-end emptying 
principle. By a special arrangement of 


6 


e 
+ 

° 
v 
o 
c 
z 
c 








956 THE ENGINEERING REVIEW. 








HIGH-CAPACITY WAGON, 


inside stanchions these wagons have an 
inside width of 8 ft. 4 in., whilst the over-all 
width is 8 ft. 6 in. only, and thus a further 
economy of 3 per cent. is obtained as com- 
pared with a wagon constructed with the 
stanchions outside, as is usual. The bogie 
frames and cross members of these 30-ton 
wagons are constructed of pressed steel 
frame plates, and the bogies, which are of 
the open-ended type, are of a simple but 
exceptionally serviceable design. 
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BALLAST-PLOUGH VEHICLE, 





CALEDONIAN RAILWAY. 


Ballast Ploughs and Hopper Wagons 
for L. & S. W. Railway. 


THERE have recently been placed in ser- 
vice on the London and South Western 
Railway a number of brake vans fitted 
with ballast ploughs, one of which forms 
the subject of the accompanying illustra- 
tion. 

They were constructed by Messrs. Hurst, 
Nelson & Co., Limited, of Motherwell, to 
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whom we are indebted for the undermen- 
tioned information. 

The brake vans with ballast plough mea- 
sure 25 ft. over headstocks, and are 8 ft. 4 in. 
wide over the plough. The underframe is 
constructed of rolled steel bars, securely 
fastened with gusset plates and knees. The 
body is framed in steel with wood sheeting, 
and is divided into two compartments, one 
closed and provided with a stove, the other 
being open. The roof extends over both 
compartments. The plough is arranged 
with raising and lowering mechanism, and 
is carried by a heavy forged pin and two 
brackets. The main hoisting gear of the 
plough consists of a pair of bevel gear 
wheels actuated by a screw. Supplementary 
hoisting gear is also provided, consisting of 
a handle and screw. To fix the plough in 
either the raised or lowered position, two 
locking brackets are provided. 


The van is provided with a screw brake, 
having eight brake blocks, all the gearing 
for which, together with that for the plough, 
being in the open compartment. A locker 
for tools, &c., is provided and arranged to 
act as seat. 

Messrs. Hurst, Nelson & Co. have also 
recently delivered to the L.& S. W. Cova 
number of 12-ton steel hopper wagons, one 
of which is illustrated in Fig. 2. The inside 
dimensions of these wagons are 16 ft. long 
by 7ft. 6 in. wide. The underframe is 
constructed of rolled steel bars, securely 
fastened with gusset plates and knees. The 
body plates, which are ;% in. thick, are 
secured to a steel rolled bar framing. One 
bottom door is provided, arranged to open 
to one side. <A controlling handle and 
guide bars are fitted. as are also a pin 
and chain to fasten the handle in various 
positions, 
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ELECTRICAL NOTES. 


By ANDREW STEWART, A.M.I.E.E. 


a) 


An Electrically Equipped 
Cargo Boat.* 


Tue high efficiency and light weight of 
the Diesel oil engine, together with the 
flexibility of electric driving, led Messrs. 
Nobel Bros, of St. Petersburg, to equip their 
oil-tank steamer Vandal, a vessel 245 ft. in 
length by 32 ft. beam and 1,100 tons dis- 
placement, with Diesel engines driving 
direct-current dynamos. These are situated 
amidships, the energy being transmitted 
to a motor room aft, where three electric 
motors, direct-connected to three propellers 
through short shafts, are fixed. The vessel 
is, as will be seen from Fig. 1, a flat-bottomed 
craft, with a maximum draught of 6 ft. 
loaded, and is used for inland navigation 
only, chiefly on the Volga, carrying oil 
from Rebinsk to St. Petersburg, a journey 
of about 700 miles each way. Each of the 
three Diesel engines, which are of the three- 
cylinder single-acting type, give 120 B.H.P., 
and are direct-connected by flexible leather 
couplings to three direct-current generators; 
each generator has an exciter mounted on 
an extension of the shaft, this exciter not 
only excites the main generator winding but 
the motor fields, and operates the electric 
steering gear, pumps, capstans, and electric 
lighting. The motors in the stern are con- 
trolled directly from the bridge, no engine- 
room telegraph being employed. The con- 
trol circuits are shown diagrammatically 
(Fig. 2); only the small exciting current of the 
main generators are dealt with. The arrange- 
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FIG. I ELEVATION AND PLAN OF 


ment will be clear from the diagram, which 
shows full field on the generators, and the 
motors at full speed ahead, with the regulator 
arms (on the bridge) in the positions shown 
at A, and A. By moving the contact arms 
towards B, and B, the exciting current and, 
therefore, the voltage of the generators will 
drop, and the speed of the propeller motors 
will fall in proportion. When the two arins 
are exactly in the middle the generator 
voltage is zero, and the propeller motor 
stops; when each arm passes the centre 
position the propeller motor starts up in 
the reverse direction; when C, and C have 
been reached the propeller motor is at full 
speed astern. This method of controlling 
the propeller motors by manipulating the 
field current of the generators enables all 
the control to be effected by variations 
in a very small current instead of several 
hundred amperes, which would be the case 
if the main motor current were dealt with. 
But a still more important advantage is the 
absence of the time lag between the time 
the messages are received in the engine 
room and the actual change in the vessel’s 
speed: it will be seen that the officer on 
the bridge controls the propeller motors 
directly, and a change from full speed ahead 
to full astern is effected in twelve seconds. 
The motor speed is controlled between 30 
and 300 revolutions per minute; the latter 
corresponds to full speed. The arrange- 
ment of the electric steering gear is shown 
(Fig. 3), where the motor is shown geared 
by a worm to a quadrant on the rudder 
post, the motor field is kept constant, and 
the armature current is varied by passing 
the resistance arm A, on the left, over the 
resistance R. The movement of arm A on 
the bridge causes a corresponding move- 
ment of the rudder post and resistance 
arm A,. The left-hand arm can, therefore, 
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Generator Exciter Controlle; 








estimates for a pair of compound 





ing wheel. The cost of the entire 
electrical equipment, including = 
the oil engines, was £6,000. The ds 


engines, twin-screw, instead of 
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triple screw, as at present, were 
about £4,300; a saving of at least 
‘200 per annum must therefore 
be effected to justify the new 
system. The actual saving has 
not yet been determined, but the 
fact that the thermal efficiency 
of the oil engines is 35 per cent., 
against 13 per cent. with steam 
engines, and that crude petroleum 
contains about 5,000 calories per 
Ib. and coal about 3,600, shows 
that one ton of petroleum will do 
as much work as 3°7 tons of coal. 
In St. Petersburg a ton of coal 
costs £1, and a ton of petroleum 
£1 16s., so that, even allowing for 
a loss of 20 per cent. due to the conversion of 
mechanical power into electrical energy and 
back again into mechanical power, there is 
considerable advantage in the new method; 
moreover, the reduction in the weight and 
bulk of the fuel means greater cargo-carry- 
ing capacity: this increase is estimated at 
10 per cent. in the case of the Vandal. The 
amount of oil used per round trip of 1,400 
miles is about 3,600 gallons. Another 
vessel is being built and several improve- 
ments effected. Twin screws, driven by 
two 180 B.H.P. Diesel engines, are being 
used, and both engines and propeller motors 
will be located aft. To avoid the losses 
inherent to the conversion of mechanical 
into electrical energy and back again, 
clutches are fitted connecting the propeller 
shafts direct to the oil engines without the 
intervention of the electrical plant, the latter 
only being used when nearing port, although 
all the auxiliary machinery will be electri- 
cally driven. It appears that the logical 
outcome of these experiments will be to 
demonstrate the suitability of the internal 
combustion engine for marine purposes, 
and the advantages of electrically operated 
auxiliary machinery. 
> 
Advantages of Motor-Driven 
Machine Tools.’ 
G. H. Conpicr. 

AmonG the advantages cited were, less 

loss in distributing power through the shop, 


Paper read to the National Machine Tool Builders 
Association at Washington, D.C., U.S.A. 


FIG. 2.—M9OTOR CONTROL CIRCUITS. 
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FIG. 3.— DIAGRAM OF STEERING APPARATUS. 


as in many American machine shops a loss 
of 50 per cent. has been recorded in the 
shatting and belting. With electric driving 
the losses are somewhat as follows :—From 
engine shaft to line, 6 per cent.; line loss, 
2 per cent.; average motor loss, 17 per cent. ; 
loss between motor shaft and tool shaft, 5 
per cent., assuming single pair of gears or 
chain drive. Total loss engine shaft to 
tool shaft, 27 per cent. Shafting losses are 
constant, while with electric distribution 
the losses are proportional to the power 
used. Instances were given of a works, en- 
tirely equipped with electric driving, where 
only half the power, as calculated from 
previous experience with belt driving, was 
considered necessary. Moreover, even this 
amount of power was found excessive, as 
the generating plant was never loaded be- 
yond half its capacity, so that the shop was 
run on 25 per cent. of the power required 
with belt driving. With regard to capital 
cost opinions differed, but, in the opinion 
of the lecturer, the cost of an electrically- 
driven factory would be less than with belt 
driving. Among other advantages would 
be found greater output, due to the ease 
with which maximum cutting speed could 
be maintained, less liability to accidents, 
as belts are eliminated. A case was cited 
where a shop had been partially equipped 
with electric driving, individual motors, the 
remainder being machines grouped to a line 
shaft. Owing to a hot bearing on the main 
shaft twenty-three machinists and _ their 
machines were stopped for twenty minutes; 
such a wholesale stoppage was, the lecturer 
said, quite impossible in an electrically- 
driven shop. Owing to the growth of 
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American opinion in favour of independent 
motor-driven tools, the lecturer said that 
it was unlikely that shafting and belting 
would be considered at future meetings of 
the convention: this tendency was not so 
much due to a saving in power consequent 
upon the elimination of shafting as to the 
greater output per machine owing to the 
flexibility and convenience of the new 
method; while, in addition, there was the 
absence of dirt and non-interference with 
the lighting, both important but generally 
under-estimated factors in works organisa- 
tion. 
~~ 


The Manufacture of Electrical 
Machinery in Japan. 

THERE are two electrical factories in 
Japan, both less than ten years old; the 
largest, the Shibaura Engineering Works, 
is a branch of the great Mitsui Company of 
Japan, and covers several acres along the 
shores of Tokio bay. All the shops are 
single-storied buildings, but not well planned 
for economical output. Notwithstanding 
this, it is said that it can turn out plant 
30 per cent. cheaper than American firms 
can deliver in Japan. Last year the firm 
turned out 65 direct-current generators, 
aggregating 1,450 kilowatts; 12 alternate- 
current generators, aggregating 1,300 kilo- 
watts; 36 direct-current motors, having a 
total horse power of 600; 60 alternating 
current motors, totalling to 1,550 h.p; 
and gto transformers, having an aggregate 
capacity of 4,050 kilowatts. The repairs 
executed under their guarantee is less 
than 5 per cent. of the total output. The 
Tokio Tramway Company have three 120 
kilowatt motor generators, the alternat- 
ing-current side operating at 3,000 volts, 
built at this works. Most of the machine 
tools are American, though the heavy 
machinery, shears, punches, steam ham- 
mers, &c., were made in Glasgow. It 
appears that. as a rule, Japanese prefer 
British-built heavy tools, as they are more 
reliable than American tools of this class. 
All the copper wire is made in Japan 
from copper from Japanese mines; fibre 
insulation is also native made, but the steel 
and iron plates and bars are imported from 
England. So, also, is part of the pig iron, 
though most of it is from Japanese furnaces. 
One reason for obtaining iron and steel from 
England is that, although deliveries from 
the United States are fully two weeks earlier, 
Americans cannot compete with the prices 
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quoted by British steel manufacturers. It 
appears from the article that Americans 
consider that a great industrial future is 
before Japan for the following reasons: 
The artizans are naturally clever, and, 
though short in stature, are muscular and 
robust, the immense and rapidly-growing 
population in a limited area ensures the 
abundant supply of cheap labour, the mar- 
kets of the Far East are at her doors, an 
abundant supply of coal and copper, and 
probably also of iron, within her territory. 
That native talent is equal to the task of 
building up her industries is apparent from 
the fact that foreign experts never have 
been employed at the electrical works. 
Native designers are paid £15 per month, 
and artizans from 2s. 8d. to 3s. 1d. per day. 
The Japanese designers are all graduates 
of European or American technical colleges. 
Our contemporary urges Americans to take 
a hand in this industrial development, and, 
as an instance of the prospects, states that 
a Japanese company, with a capital of 
£500,000, has been formed to transmit 
10,000 horse-power from a waterfall forty 
miles from Tokio to that city. In view of 
the preference for some classes of British 
machinery, we have no doubt that our 
manufacturers will not be unrepresented 
wher the contracts for this work are given 
out. 
> 


Electromobiles—A Review of the 
Progress of Such Vehicles, and 
the Examples of This Class of 
Automobile at the Automobile 
Exposition, Berlin.* 


Tue older lead accumulators gave g’‘I 
watt hours per pound of cell, and taking 
a four-seated car weighing 3,300 lbs., four 
passengers at 880 lbs., a battery having a 
capacity of 1,700 watt hours, weighing 1,860 
lbs., a total weight of 2} tons. Such a car 
had storage capacity for a fifty mile run, 
assuming a fair average of 110 watt hours 
per ton mile, a safe figure for ordinary 
roads. Newer accumulators gave 13 watt 
hours per pound of cell, so that with the 
same weight as before the mileage is raised 
to 74 miles, or if 50 miles is sufficient the 
battery need only weigh 760 Ibs. A still 
more recent lead cell gives 155 watt hours 
per lb., though this increase in capacity is 
gained by sacrificing the life of the cell, 
which is reduced from 7,500 to 5,000 miles, 
34 per cent.; but the increased deprecia- 
tion of the battery is more than balanced 
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by a saving in the maintenance of the 
tyres, which, owing to the lesser weight of 
the vehicle, have a longer life. Several 
recent cars had been fitted with lead-zinc 
accumulators, giving 22°7 to 32 watt hours 
per lb. These cells are said to have an 
unlimited lite, and can be charged in half- 
an-hour. The Jugner cell, a form of the 
Edison nickel-iron cell, was not considered 
as an improvement on the other types in 
which lead was used. 


a) 


Electric Furnaces—A Note on Dr. 
Héroult’s Paper on this subject.* 
THE necessity of a practical furnace in 
which carbon from the electrodes cannot 
mix with the steel, and in which the metal 
can be worked, is enlarged upon. The 





induction-type furnace, in which the metal 
acts as the secondary of a transformer,* is 
excellent for the former reason, but it is 
said to be impossible to obtain a uniform 
mixture or rake off the slag easily. In the 
opinion of Dr. Héroult the simplest form is 
a hollow and more or less spherical vessel, 
with some method of heating which will 
prevent the mixing of carbon with the 
metal. It is not expected that the electric 
furnace will effect an immediate revolution 
in methods of iron and steel manufacture, 
but the fact that it will produce steel better 
suited to some purposes than that produced 
by any other method, will necessitate its 
adoption. Apart from this, the fact that 
such furnaces enables us to produce 
materials which can be produced in no 
other way, will inevitably lead to its 
adoption in many industries. 


REVIEW. 


Lectures on Iron Founding.—By T. Turner, 
M.Sc., A.R.S.M., F.1.C. ; Professor of Metal- 
lurgy in the University of Birmingham. 
London, C. Griffin & Co. 1904. 3s. 6d 
net. 


In these lectures delivered to evening 
audiences of practical men, Professor Turner 
deals most lucidly with the salient features 
of iron founding. Commencing with a brief 
reference to the varieties of iron and steel, the 
lectures pass in natural sequence from a 
description of iron ores and their preliminary 
treatment to the blast furnace and an outline 
of its reactions. One lecture, the third, is 
devoted in full to the constituents of cast iron, 
and forms perhaps the strongest section of the 
book. The fourth lecture deals generally 
with foundry practice, including references to 
cupolas, the influence of remelting and various 
difficulties lying in the path of the iron founder. 
The concluding lecture discusses foundry tests, 
and the structure of cast iron. Sucli in brief 
is an outline of an excellent work, which, 
though modest in size, contains much of 
practical value 

Taking the book as a whole, its style and 
treatment are such as to appeal directly to the 
practical mind. Unnecessary detail is omitted, 
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and the reader is taken through a course of 
study admitting of immediate application in 
the iron foundry. The section devoted to 
moulding is necessarily restricted, and here the 


terms “dry sand” and ‘‘loam’’ moulding 
are somewhat confused. For instance, on 
p. 88 


“Dry sand moulds are used for special 
purposes in the foundry, the object generally 
being the production of a single casting with- 
out the cost of providing a pattern.’’ As 
generally understood dry sand moulding 
always involves the use of a pattern, and in 
many iron foundries this method is applied to 
what in reality is repetition work. Cylinders 
for example, when moulded in sand from a 
pattern, are seldom cast ‘‘ green.’’ the mould 
being either fully or skin dried, according to its 
nature. 

In discussing common troubles the author 
says with perfect justice : 

‘The iron founder sometimes seems to 
run on a vein of ill luck” (p. 96). Such ill 
luck is proverbial in the foundry, and no 
matter what is done, it always appears to 
run its course. We venture to think, however, 
that were every foreman moulder familiar with 
Professor Turner's Lectures such veins of ill- 
luck would gradually diminish in frequency. 


The Engineering Review, p 6. 
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By PERCY LONGMUIR. 
The Iron and Steel Institute Annual Meeting. 


Blast Furnace Practice. 


The Cleaning of Blast Furnace Gas.—I\n intro- 
ducing his subject Mr. A. Sahlin emphasises 
the value of dust free gas for use in gas motors. 
For stoves, boilers, furnaces, &c., a small 
quantity of fine buoyant dust is no detriment, 
as it passes off with the products of combustion 
through the smoke stack. Thereforea gas con- 
taining 03 gram per cubic millimetre or less is 
sufficiently clean for these purposes. On the 
other hand gas for the gas engine can never 
be too pure, and the removal of the last trace of 
dust, though expensive, will pay for itself in 
longer life and decreased repairs to costly 
engines The cleaning of blast furnace gas 
should take place in three stages (1) Pre- 
liminary dry cleaning, which does not involve 





























FIG. I CLEANING OF BLAST FURNACE GAS. 





extra operating expense; (2) wet cleaning to 
fit the entire quantity of gas for use in stoves 
and under boilers, &c. ; and (3) special clean- 
ing for purifying part of the gas for power 
purposes. 

The cleaning plant advocated by the author 
is shown in Fig. 1, which will deal with the 
entire volume of gas from one furnace. Gas 
leaves the furnace through four uptakes placed 
at an angle of go degrees. These join into one 
downcomer which delivers the gas in a tan- 
gential direction into a cylindrical dust catcher. 
From the top of this dust catcher the gas passes 
through one of two mushroom valves, one of 
which isin direct connection with the gas main, 
and is only used in case of repairs to the clean- 
ing plant. The second valve connects the dust 
catcher with a water seal, from which the gas 

flows intoa Sahlin gascleaner. From 
the cleaner it reaches a ventilator, 
which delivers the sufficiently clean 
and cooled gas into the bottom of a 
dryer fitted with cross-bars carrying 
a column of coarse coke. In passing 
through this the gas is freed from 
the bulk of water which may be 
mechanically carried from the wet 
cleaning. The dry gas passes through 
a mushroom valve at the top of the 
scrubber into the gas main, 

Gas for power plant is drawn from 
the clean gas main, and is passed 
through one of two electrically driven 
fans sprayed with water and dis- 
charged into a second smaller drier, 

. from which the gas, practically dust 
free, is passed on to the engines. The 
size of this final cleaning plant is 
determined by the quantity of gas 
required for power. A fan cleaning 
10,coo cubic feet per minute, and 
using 8,coo gallons of spraying water 
per hour, requires about 65 horse 
power, and will supply gas engines 
of from 5,090 to 6,000 horse power. 
The pumping of spraying water will 
require about 3 horse power addi- 
tional, 

The Application of Dry Air Blast. 

It will be remembered that Mr. 
Gayley’s paper read at the autumn 
meeting of the Institute created 
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considerable interest and discussion. Some of 
the more salient features of this discussion were 
given in our March issue, the general trend 
being that the trials were of insufficient 
duration. Criticisms of this nature are readily 
answered in the present paper, in which Mr. 
Gayley gives a record of operations of the 
Isabella Furnaces from November 1904, to 
March 1905, inclusive The average moisture 
contents of the atmosphere each day and night 
during this period are given. The monthly 
average being as follows :— 





Grains of Moisture 


Month. In Atmosphere. In Dry Blast. 
Day. Night. Day. Night. 

November 1°99 1°99 1°03 I’ol 

December 1*41 1°47 o'94 0*g2 

January 1°26 1°23 0°67 0°60 

February I‘19 1°17 65 0°54 

March 2°25 2°25 ‘Oo! 0°89 





Combining the furnace records into one 
table, the following monthly comparisons are 
offered :— 


once began to drive more rapidly, and its burden 
was increased. There was no deterioration in 
the grade of metal produced; in fact, it was 
slightly better as the silicon was higher and 
the sulphur lower than in the preceding part 
of the month. On the roth of the following 
month the dry blast was changed from No. 1 
to No. 3 furnace. Both furnaces were making 
the same grade of iron for use in the basic 
open hearth process. No account is taken of 
the period from the 11th to the r4th inclusive, as 
this time was occupied in adjusting the dry blast 
and burden on both furnaces. The reason for 
this change was a desire to determine the 
economy on another furnace at a time which 
represented in that locality nearly the minimum 
of humidity in the atmosphere. The response 
to the application of dry blast was prompt and 
efficient in result, and clearly demonstrated 
that, even at periods when the humidity of 
the atmosphere was relatively low, substantial 
economy in fuel could be obtained. The 
month of February yielded an exceptionally 
low moisture content, and the operations on 
No. 3 furnace were directed towards an 
economy in coke. The output of No. 3 is 
less than No. 1, as the former was stopped 
several times during the month, on account of 
breakdowns of slag machine and breakouts of 
iron at the hearth. Notwithstanding the low 
content of moisture in the normal blast, the 





Blowing 


Month. 


November. No. 1 Furnace. Dry blast 

No. 3 Natural air... 
December No. 1 Furnace. Dry blast , 
Ist-—22nd. No. 3 Normal blast 
22nd~— 31st. | dry blast 
January. 
Ist--10th. No. 1 Furnace. Dry blast ‘ 
15th—31st ‘a Normal blast 
Ist—1oth. No. 3 Normal blast 
15th—3Ist. , Dry blast 
February. No. 1 Furnace. Normal blast 

No. 3 Dry blast 
March No. 1 Furnace. Normal blast 

No. 3 a Dry blast 


Average Daily 
Product. 


Tons. Ibs per minute. lot blast. 
447 1,815 96 854° Fahr. 
386 2,279 III 750 ws 
455 1,823 96 877° Fahr. 
400 2,309 I1!I 750 ne 
401 2,3 40 

428 1,825 96 869° Fahr 
414 2,340 111 771 , 
410 2,351 II! 716 

432 1,511 96 802 

424 2,248 11 800° Fahr. 
412 1,515 gd 734 a 
411 2,274 III 850° Fahr. 
405 1,837 96 784° 


Average Coke 
Consumption. 


Engines. 
Revolutions 


Average 
Temperature. 





Turning to the month of December the record 
of No. 3 furnace when using a small quantity 
of dry blast is remarkable. The furnace at 


furnace supplied with dry blast made, con- 
sidering the stops, practically as much iron— 
with a consumption of coke 433 lbs. less per 
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FIG. 2 SULPHUR IN COKE. 


ton of iron—as the furnace supplied with 
normal blast. As the summer season approaches, 
the product of the furnace using normal blast 
will steadily decrease and the fuel increase, 
while the work of the furnace supplied with 
dry air will continue practically uniform. It 
will be noted that in the month of March the 
product of No. 3 is a little less than No. 1,a 
feature due to the fact that both furnaces had 
to be banked owing to floods, and No. 3 was 
banked nearly one day longer than No. 1 
Sulphur in Coke and its Behaviour in the Blast 
Furnace.—Professor Wuest and Mr. F. Wolff 
give at the outset the results of a series of 
preliminary tests undertaken in order to establish 
the reactions between the sulphur of coke and 
various gases at different temperatures. The 
gases employed include oxygen, hydrogen, 
water vapour, nitrogen, carbon mon-oxide, and 
carbon di-oxide, whilst the temperatures range 
from 500° to 1,000° C, These results lead to 
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the conclusion that similar re-actions occur in 
the blast furnace, and it is assumed that the 
sulphur of the coke is volatilised in a similar 
manner, as it is exposed to the same chemical 
and thermo-chemical influences as in the 
experiments. Indeed, from a thermo-chemical 
point of view, the influence is even greater 
since the sulphur is subjected to temperatures 
up to 1,200° or 1,5co” C. before reaching the 
tuyeres. In any case the sulphur of the coke 
cannot reach the tuyere zone undiminished and 
unaffected by the heat, as is generally held, 
but must during the descent of the charge be 
reacted upon actively by the gases and undergo 
partial gasification. The sulphur thus set free 
will, unless it combines again with other sub- 
stances, pass off with the gases. In order to 
obtain a definite estimate of the contents of the 
gases, exhaustive tests were made on a furnace 
running on forge and basic Bessemer pig iron 
These and other results enable the authors to 
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OXIDE. 





Volatilised 
Sulphur in 
Percentages 
of the Total 


Temperature 
of the 
Ignited Coke 


Sulphur 
Driven off 
from Coke 


Loss on 
Ignition. 


Degrees Cent Per cent. Per cent 
23°52 06232 

24°00 0° 6622 

1,000° to 1,050 < zs 51 diane 
| 25°16 O*'Oo2II 

39°43 0°7543 


Sulphu 


Content. 


Per cen 
44°32 
49°31 
47°17 
59°07 
59°39 
53°04 


Sulphur taken 
by Ferric Oxide 
in Percentages 


Sulphur taken 
up by Ferric 
Oxide, relative 


Te mperature 
of the Ignited 


“ Ferric Oxide to Original = — i 
Weight of Coke Sulphur. 





t. Deg. Cent. Per cent. Per cent 
O° 3307 53°00 

500 0°4439 04 o2 

600 0°4539 65°33 

800 0°5741 69°55 

goo 0°5585 68°02 

1,000 0°4504 62°66 





arrive at the following sulphur balance of the 








blast furnace 
SULPHUR BALANCE. 
Sulphur 
kilo- 
In put. grammes 
2.142 kilogrammes iron ore with 0°123 per cent. 
sulphur 2°6 
07°3 ™ of (a) cinder with 12" per 
cent. sulphur )°2508 
45°6 of (b) cinder with 13 pel 
cent. sulphur 1° 3905 
69"! of (c) cinder with 78 per 
cent. sulphur 0°05 38 
143°0 limestone with 0’042 per cent 
sulphur 0°0600 
000°0O ‘s coke with o°6899 pet nt. 
sulphur 6°38q90 
I il " 1 10°2891 
Out put. 
1,000. =6kilogrammes pig iron with o* | cent. 
sulphur 
1,017 ‘a slag with o’goS per cent 
sulphur 9°2350 
315°5 F light dust Ss bic 
metres of 5 vith 66 
per cent. ) 8 
},382 cubic metres gas with 0°0034 per cent. sulphur 1489 
Total sul ir br h 77 


A further series of experiments, having for an 
object a more detailed investigation of the con 


“ARB 
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ditions under which the sulphur, volatilised by 
the furnace gases, is absorbed by the charge, 
i.e., by the ores and limestone, are outlined 
In these experiments it is assumed that the 
sulphur emitted by the coke in the furnace at 
about 1000 C. at once comes in contact with 
the charge also at rooo’ C It then ascends 
meeting in succession the charges above, and 
growing constantly cooler as it passes upwards 

The experimental method is shown in Fig. 2 
consisting of two electrically heated furnaces 
one of them containing coke and the other 
iron or lime. Blast furnace gas is 
passed through the coke heated to the desired 
temperature, the gaseous current then entering 
the second furnace which also permits of being 
heated to any desired temperature. The above 
table gives results obtained from ferric oxide 
and it will be noted that at a comparatively low 
temperature a considerable amount of sulphur 
is absorbed 

The absorption of sulphur by lime dif 
from the foregoing, as shown in the following 
table the amount taken up at 250° and 500: is 
small, tut from 600° it rises rapidly until at 
1000° almost the whole of the sulphur has been 
absorbed 

The authors’ results show that Contrary to 
the generally held opinion sulphur in coke does 


oxide of 
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oF LIME 





Vv 


Pemperature 


latilise 


d 


of the 
Ignited Coke. 


Degrees Cent, 


1,000° to 1,050 


Loss on Sulphur 
Ignition of Driven off 
the Coke from Coke 
Per cen I ce 
20°76 o' SOSI 
25 99 0°3425 
30°50 0°7519 
22°30 0°5995 
25°71 0°5753 
25°77 Oo 5795 


Sulphur in 
Percentages of 
the Total 
Sulphur Content 





Per cent Deg. Cent Per cent Per cen 
OI°74 250 0° odsGgO0 10°20 
59°94 500 0*14006 16°68 
53°47 600 0°3538 47°05 

2°66 Soo SSS 68-08 
+ 3 

40°9QI goo 0°4933 85°74 
49°57 I ,000 0°5239 91°33 
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not reach the tuyere level without alteration, 
but that a large portion of it, is previously 
volatilised by the ascending gases and is then 
largely absorbed from the gases by the descend- 
ing charge and in this condition arrives in front 
of the tuyeres. Up to 800°C. sulphur is chiefly 
absorbed by oxide of iron from the sulphur- 
laden gases, whilst from 8o0c* upwards the 
position is reversed and lime becomes the chief 
absorbent. 

Experiments on the Fusibility of Blast Furnace 
Slags.—In view of the practical importance of 
the fusibility of slags, Dr. Boudouard has 
examined wide series of silicates of lime and 
alumina; of aluminates of lime and of alumino- 
calcic-silicates. The method employed was a 
comparative. one and the temperature of soften- 
ing determined by exposing the slag and a 
Seger cone to the action of heat. These cones 
give a range of temperature of from roro° C. 
to 1850° C., and between these extremes there 
are some forty-one cones of intermediate 
softening temperatures The slag samples 
were made of a uniform mixture of the required 
constituents previously ground to uniform 
fineness and made up into a cone of similar 
dimensions to that of the Seger 

Turning to the experimental results, the first 
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curves of fusibility are given, and as the author 
justly remarks, these curves give much informa- 
tion. as to ‘he constitution of silicates and 
aluminates. With the silica and alumina series 
the curve presents one minimum corresponding 
to the mixture 1o Si. O, Al, O,. Fig. 3, silica 
and lime, gives a curve having three maxima 
corresponding to 


Temperature 1500° representing Si. Oz sCa. O. 
a 1460 ts Si. Ov 2Ca. O. 
- = 1440 oe Si. O, Ca. O. 


In the case of ternary compounds a study of 
their fusibility furnishes much of value, and 
such compounds can be graphically represented 
by means of the triangular diagram. From his 
work on the alumino-calcic-silicates the author 
thas plotted a diagram—Fig. 5—showing the 
isothermal curves of fusibility. This diagram 
summarisés the extent of our knowledge of the 
fusibility. of these silicates, and it further 
focuses and extends the conclusions previously 
reached by Akerman. Using this diagram as a 
chart the fusion temperature of a given alu- 
mino-calcic-silicate can be readily determined. 

Finally, by utilising the practical data found 
in metallurgical treatises, the author has esti- 
mated the fusion temperatures of industrial 

















series deal with silicates of alumina and a slags derived from various sources: 
Percentage Composition. 
Descrif n of Slag. re Temperature. 
Si Ox. Aly O CaO 
Ferro-silicons with 14 per cent. =~ hte 
250 40° 
Grey hot blast charcoal pig iron Ss 450 
50 oO 
Grey hot ke, anthracite and 20°0 50°O 1420 
coal pig i 5°O 10°'0 1420 
White pig iror Cha il 15°0 10°0 1360 
40"0 5°0 1425 
White iron -2. Coke thea "oe “— 
40°O 50 1425 
CaO Mn O. 
Spiegeleisen aes ses 55'0 be a 
40°0 10°0 10°0 40°O 1440 
Under the term “lime” has been included all the oxides other than silica and alumina: 


composition of 3771 per cent. Si. Oz; 62°9 per 
cent. Al, O, gives a softening temperature of 
1890". This temperature steadily falls with a 
decrease of alumina, until at 14°5 per cent. it 
occurs at 1690° C.; at 7°8 per cent. it has risen 
to 1760° and the softening temperature of pure 
silica is given as 1830° C. Softening tempera- 
tures of a series of lime silicates in which silica 
varies from 8-9 to 100 per cent. are shown in 
Fig. 3. In a similar manner aluminates of 
lime—with alumina varying from 13°2 to 78°5 
per cent.—are shown in Fig. 4. In all seven 


Steel: Its Treatment and Properties. 


Experiments relating to the Effect on Mechanical 
and other Properties of Iron and its Alloys Produced 
by Liquid Air Temperatures.*--This important 
memoir by Mr. Hadfield opens an entirely 
new field of investigation and discloses some 
exceedingly remarkable properties possessed 
by metals and alloys at a temperature of 
—182°C. For the research over 140 separate 


See also pages 57 


and 643, February issue. 
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combinations have been examined—the num- 
ber of individual tests reaches the high total 
of 1,096. Tensile test pieces were or 8. in. 
diameter and the elongations measured on a 
length of 2 in.; the tests were carried to com- 


pletion with the specimen and its holders. 


entirely immersed in- liquid air—that is, each 
bar was broken at a temperature of —182° C. 
Many duplicate tests were made, and with the 
exception of one or two slight differences, the 
results were in very close agreement. 

Generally the effect of this low temperature 
on iron and its alloys is toconsiderably increase 
the maximum stress and to reduce or eliminate 
ductility. A series of irons, including one of 
high purity, viz., S.C. I., with only 0°045 per 
cent. C., all show this remarkable decrease of 
ductility. These features of high tenacity and 
low ductility are common to nearly all of the 
many alloys tested. Further, the effect only 
holds during the continuation of the low tem- 
perature, and on returning to normal tempera- 
ture normal properties are again shown. 

An important point with iron lies in the fact 
that the increase in tenacity is gradual and 
progresses with a fall in temperature. This is 
illustrated in Fig.6, plotted from results obtained 
by testing samples of S.C. I. at temperatures of 
—18°,.—80°.— 100° and —193°C. Thecurve clearly 
shows that gradual decrease in temperature is 
accompanied by gradual increase of tenacity, 
and that there 1s no critical point. The dotted 
portion is made on the assumption that the 
curve would continue to rise proportionately 
if the temperature were reduced to absolute 
zero, in which case the tenacity of pure iron 
would be 70 tons per sq. in. 

Samples of S. C. I. yield by the Brinell test 
at normal temperature a hardness number of go, 
when tested at 182° the hardness rises to 
266. Specimens of the same iron quenched in 
liquid air from a temperature of 950° C., and 
subsequently tested at normal temperature, 
show no decrease, but rather an increase, of 
ductility. 

Carbon steels when tested in liquid air behave 
similarly to the irons, that is, ductility 
practically vanishes and tenacity increases. 
Results obtained at normal and low tempera- 
tures are shown in Fig. 7, this diagram also 
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FIG. 5.—FUSIBILITY OF SLAG. 


including the analyses of the steels. Singularly 
enough, carbon steels quenched in liquid air 
from high initial temperatures are not 
hardened 

Dual alloys with iron as chief constituent 
behave very similarly to the foregoing, but in 
the case of iron and nickel an important excep- 
tion is noted. The results show that the brittle- 
ness induced in iron by low temperatures is very 
considerably modified by the presence of nickel. 

Triple alloys with iron as chief constituent 
present many interesting features, but on the 
whole these alloys are embrittled by low tem- 
peratures in a manner analogous to the irons 
and steels. In the case of one alloy containing 
1°25 per cent. C., 2‘or per cent. Mn., and 1°39 
per cent. Cu. a remarkable rise in tenacity is 
shown, whilst the elongation remained unaf- 
fected by the low temperature, copper ap- 
parently neutralising the embrittling effect of 
manganese at re2” C.. 

The crux of the paper is, however, found in 
the remarkable behaviour of triple alloys of 
iron, manganese and nickel, and one of these 
alloys represented the first specimen met with 
in which the ductility remained comparatively 
high at —182° C The following figures are of 
much moment, in that they illustrate the effect 
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FIG. 6.—COOLING CURVE OF THE S.C,I. (SWEDISH CHARCOAL IRON). 
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IRON. 


work conclusively shows that pure iron is—at 
low temperatures—rendered into a distinctly 
brittle metal, yet the last alloy contains 68 per 





Analyses. 


Max. Stress 
Tons per 
Sq. in 


5°04 5: 59 
05 49 
05 51 


Normal Temperatures. 


Liquid Air Temperatures. 


Max. Stress. Elongation. 
Tons, per Per cent. on 
sq. in. 2 in. 


Elongation. 
Per cent. on 





\ maximum stress of 84 tons associated with 
an extension of 67 per cent. forms a phenomenal 
alloy, and the fact that these values were ob- 
tained from an alloy tested at —182° increases 
their exceptional character. The whole of the 


cent. iron, and at 182° has a higher duc- 
tility than at normal temperature In other 
words, this alloy is at 182° far more ductile 
than the very best type of ductile iron and its 
tensile strength is three times greater 





